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(57) Abstract 

Method* *nd jintcturts of energy /matter 
conversion accordut| 10 the present invention pro- 
vides application* including »he generation of pow- 
er «ccord»ng to controlled relatively low tempera* 
ture nuclear fusioa by selective annihilation of the 
coulomb* forces present in the fusion material at- 
oms. The elective woibilatioo of electron orbital 
energies iv provided according to a novel model of 
the atom desenbed herein, which furtber provides 
the composition of wperoooduoor materials by se- 
lective combtn.tkra of matter to provide tbe condi- 
tion* necessary to provide superconductivity. Fur- 
thennore^the present invention provides selective 
energy absorption, as iUamated by photon absorp- 
t,on and the creation of additional material accord- 
mi to the novel model of the atom described her- 
ein^ which ovrrcocDcs limitations of prior models 
.nd ,s commit with basic principles, such as 
Maxwells equations. 
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ENERGY/ MATTER CONVERSION METHODS AND STRUCTURES 
Field of the Invention 



This invention relates to methods and apparatus for energy/matter 
conversion according to a novel atomic model and the applications derived 
05 therefrom including controlled nuclear fusion and the formation of 
materials such as superconductors. 

Toward the end of the 19th century, many physicists believed that all 
of the principles of physics had been discovered. The laws then discussed 
io and accepted, now called "classical physics," included laws relating to 
Newton's mechanics. Gibb's thermodynamics. LaGrange and Hamilton's 
elasticity and hydrodynamics. Maxwell-Boitzmann molecular statistics, 
and Maxwell's equations. However, a discrepancy between nature and the 
understanding provided by prevailing laws was discovered in the case of 
is black body radiation, wherein classical physics predicted the intensity to 
go to infinity as a Junction of temperature while experimentally it goes to 
zero. In 1900, Planck made the revolutionary assumption that energy 
levels were quantized which resulted in a model which was consistent 
with experimentation. Models of the atom were developed by Bohr based on 
20 the concept of quantized energy levels. Bohr's model was in agreement 
with the observed hydrogen spectrum: however, it failed with the helium 
spectrum and could not account tor chemical bonds in molecules. It was 
reasoned that Bohr's model failed because it was based on the application 
of Newtonian mechanics to a discrete particle, and its limited 
25 applicability was due to the unwarranted condition that the energy levels 
be quantized. Quantization occurs in wave motion; hence, in 1923 de 
Broglie suggested that electrons havo a wave aspect analogous to light 
with X - h/p. where X is the wavelength, h is Planck's constant, and p is 
the momentum. 

30 In 1927, Davisson and Germer experimentally confirmed de Broglie's 
hypothesis by observing diffraction effects by reflecting electrons from 
metals. Schrodinger reasoned further that if electrons have wave 
properties, then there must be a wave equation that governs their motion. 
In 1926. Schrodinger proposed that the Schrodinger equation. HT = E^, 
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was the law which governs the motion of electrons (where Y is a wave 
function, H is a wave operator and E is the energy ot the wave). This 
equation and its associated postulates provides the basis for the field of 
quantum mechanics. Quantum mechanics requires that physics on an 
atomic scale are quite different from that on a macroscopic scale. 
However, it erttails postulates which are not proven, but are assjimeji to be 
absolute laws of nature. Central to quantum mechanics is that it is 
statistical in nature. Knowing the state, a position measurement cannot be 
predicted with certainty, and only the probabilities of various possible 
results can be predicted as reflected in the Heisenberg Uncertainty 
Principle: op ox > h which is fundamental to the prevailing view of 
quantum mechanics and establishes the lower bound for the uncertainty of 
two observables. The Heinsberg Uncertainty Principle states that the 
product of the uncertainty in position and the uncertainty in momentum of 
an electron must be greater than h where M is Planck's constant divided by 
2n. Prevailing understanding of quantum mechanics does not provide that 
an electron is distributed over a larger region of space as a wave is 
distributed. Rather, it is believed that the probability patterns (wave 
functions) used to describe the electron's motion behave like waves and 
20 satisfy a wave equation v(x). 

Max Born interpreted v*(x) v (x)dx to be the probability that the 
electron is located between x and x + dx. where v * is the complex 
conjugate of y(x). and this interpretation is generally accepted. However. 
Born's view results in intangible concepts which conflict with known 
physical laws. For example, it results in overlap of negative probability 
dens.ty in molecules, the possibility of an electron instantaneously 
traveling from the nucleus to infinity and back which violates 
conservation of energy; radial kinetic energy which violates conservation 
of energy and angular momentum, and acceleration of a charged particle 
without radiation which violates Maxwell's equations. Schrodinger had a 
Afferent interpretation of y(x) as a charge density function, but his 
interpretation also produces radialion which is contrary to 
experimentation as described in Appendix III. 

With respect to the interpretations of Born and Schrodinger, problems 
have ansen concerning the realization of kinetic energy, spin, and angular 
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momentum of the electron. For instance, there is no time dependence of 
the stationary state wave equation; furthermore, the hypothesized 
electron-electron repulsions in multiple electron atoms violates the law 
of conservation of energy. Moreover, the Schrodinger equation provides no 
rational bas.s for the phenomenon of spin, the Paul Exclusion Principle or 
Hands Rule. Also, bonding requires exchange of electrons between atoms 
wh,ch would result in violation of conservation of energy and angular 
momentum. y 

As a result of the forgoing assumptions and incomplete or erroneous 
models and theories, the numerous resulting conflicting models prevent 
the development of useful or functional systems and structures requiring 
an accurate understanding of atomic structure and energy transfer The 
Schrodmger equation, for example, does not explain the high transi.ion- 
temperature superconductors or "cold" nuclear fusion which comprise the 
present invention. Thus, advances in material and energy/matter 
conversion is largely limited to laboratory discoveries having limited or 
sub-optimal commercial application. 

SUMMABXQETHE INVFNTIOM 
The methods and structures according to the present invention provide 
umque apphcations of energy/matter conversion according to a novel 
mathematical model of the atom consistent with Maxwel.'s equations and 
pnnc.ples of conservation of energy and angular momentum. According to 
the present invention, methods and apparatus for the useful generation of 
energy are provided wherein fusionable material is selected from a wide 
range of possible elements wherein the orbital energies of the fus.onable 
matenal aie determined. The energy of the electrons is selectively 
depleted by an energy hole provided by one or more selective materials 
Placed ,n close proximity to the fusionable material. Fusion is permitted 
io occur at a rate determined by the relative equality of the orbital 
energ.es and the energy hole. According to one embodiment, the rate of 
fusion ,s adjusted by the externa, control of energies transferred into or 
out of the vic ,ni«y of the fusionable material and the energy hole to 
selectively adjust the equivalence of the energies. The energy produced by 
•h .resulting fus.on of the nuclei of the fusionable materia, is received in 

the oenlT 9 ^ '° °< ^ 'or 

the generation of power, such as electric power or steam. 
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A further product according to the present invention is the selective 
production of matter, including byproducts of the above described fusion 
and matter having special characteristics, such as superconductor 
material. Furthermore, the atomic structure and energy of existing matter 
•s selectively adjustable according to the present invention, such as by 
selectively reducing or increasing the electron orbitals by depletion of 
energy as described above or selection absorption, such as resonant photon 
absorpbon described according to the present invention. Time and 
spherical harmonic angular charge density functions and their energies 
and angular momenta which describe the electron before and after a 
transition are consistent with the laws of conservation of energy and 
angular momentum. The radial component of the charge density waves of 
the novel atomic model provides that the entire charge density function of 
three d.mens.onal space and time does not radiate. The condition for zero 
radiation is the absence of Fourier components of the space- time 
transform that are synchronous with waves traveling at the speed of light 
as described in Appendix I and Appendix II. 

The boundary condition of the radial function which forces the charge 
density function to be nonradiative and the result that the moment ol 
inertia of each said function is a function of quantum numbers naturally 
give rise to the wavefike nature of the electron. The wavelength is 
identical to the de Broglie wavelength. X = h/p. for all these functions 
that describe the electron and its energy in space-time and are hereafter 
referred to as Mills orbitals possessing energy, hereafter referred to as 
the Mills energy. To distinguish the basis of the present invention from 
»he prior art. the mechanics of the present novel atomic model is 
hereinafter referred to as Mills mechanics. 

The electron orbitals according to the novel atomic model, referred to 
as Mills orbitals. are spherically symmetric charge density functions 
wh.ch are the product of a radial delta function, two angular spherical 
harmonic functions, and a time harmonic function. Each orbital is the sum 
of a constant Mills orbital which rotates with a quantized angular velocity 
and a Mills orbital charge dens.ty- modulation function which also rotates 
with a quantized angular velocity to result in a traveling wave of charge 
density on the surface of the sphere. The' lime harmonic motion of the 
'ormer g.ves rise to the phenomenon ol magnetic spin of one Bohr 
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magneton for the electron. The latter time harmonic traveling naturally 
gives rise to orbital angular momentum. The interaction of the 
independent time harmonic motions gives rise to spin-orbital coupling, 
and the predicted spin, orbital angular momentum, and the associated 
5 energies are in exact agreement with experimentation. 

The energy of an electron is stored in its electric and magnetic fields. 
Orbital energies are approximately equal to ionization energies. The 
orbital energies of several one- and two-electron atoms juxtaposed with 
their experimentally determined ionization energies appear in Table I and 
10 Table II. 

Photon absorption by an electron with a transition to a higher energy 
Mills orbital arises naturally where a standing traveling wave of the 
photon is formed inside of the Mills orbital. This photon wave is a solution 
of Laplace's equation in spherical coordinates; thus, it is a spherical 

1 5 harmonic. The photon wave rotates in both directions simultaneously, or it* 
rotates in the opposite direction of the spin or angular momentum of the 
Mills orbital to change the spin or angular momentum by one quantum 
which is carried by the photon, thus, the selection rules AM; AS = O.i 1 for 
transitions arise naturally from conservation of angular momentum. 

20 The electric field of an electron of a Mills orbital in the ground state 
is zero inside the orbital and is the field of a point charge at the origin 
outside of the orbital; thus, electron-electron repulsions are naturally 
eliminated in multi-electron atoms. 

The radii of orbitals in atoms are calculated in turn by setting the 

25 centripetal force equal to the sum of the coulombic and magnetic forces. 
Thus, the result that isolated Mills orbitals are stable where the 
coulombic attractive force does not cause the electron to collapse into 
the nucleus arises naturally. For all atoms and ions, there exists a central 
coulombic force acting on each orbital that is proportional to the net 

3 0 charge (that is the charge not cancelled by other electrons). A positive 

central magnetic spin pairing force exists between two unpaired electrons 
which results in pairing in the same shelf with spins opposed. Thus, the 
Pauli Exclusion Principle arises naturally. A diamagnetic repulsive central 
force exists between paired electrons of an inner shell and an unpaired 

3 5 electron of an outer shell. A four body problem does not arise because the 
change in the centripetal force of the inner shell electrons affected by the 
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outer electron is exactly balanced by the Lorentzian force provided by the 
magnetic field of the outer shell electron; thus, it is possible to calculate 
the exact radius and exact energy of the Mills orbital of any electron of 
any atom. Illustrative examples appear in Table 1 and Table 2. 
5 The electric field of a Mills orbital is zero inside the shell, and this 
feature naturally 'gives rise to the chemical bond. Bonding between atoms 
occurs because the overlap of Mills orbitals of two atoms reduces the 
total energy stored in the electric fields of the participating atoms. The 
bond distance of the H2 molecule is determined in accordance with the 

1 0 present invention and shown Appendix V to be the experimentally 
confirmed value of .748A. 

Mills orbitals are spherical, and the radius increases with the 
absorption of electromagnetic energy. When the electron is ionized the 
radius of the Mills orbital goes to infinity, and the electron is a plane 

1 5 wave with the de Broglie wavelength. The plane wave nature of an electron 
is consistent with the results of prior double slit experiments. 
Furthermore, coupling of two such plane waves which are 180° out of 
phase as a zero phonon event provides Cooper pair formation and provides 
the basis of a model which provides for superconductors of high transition 

20 temperature which is the present invention. These materials comprise one 
or two dimensional lattices that contain atoms whose electrons can be 
ionized by an applied electric or magnetic field. Moreover, the lattice is of 
low symmetry so that the existence of symmetric phonons is improbable. 
Interactions of said phonons and Cooper's pairs causes the pairs to break. 

25 A representative two-dimensional unit cell is 

t 

M— B, where M is a metal and A, B, C, and D are different atoms or 
6 

different oxidation states of the same atom or atoms. 
30 Mills orbitals can resonantly absorb an energy hole, and, as a 

consequence, the radius decreases. With sufficient decrease in radius the 

electron can annihilate a proton to form a neutron. Thus, K capture arises 

naturally from this phenomenon. 

Furthermore, outside of the outermost Mills orbital of a neutral atom, 
3 5 the electric field of the nucleus is zero; thus, as the radii of atoms 

resonantly decrease, atoms can approach more closely before nuclear 
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coulombic repulsive forces occur. And, with sufficient decrease, the 
nuclei of atoms, such as deuterium atoms in deuterium molecules, can 
approach sufficiently for fusion to occur at relatively low temperature. 
This process of providing low temperature fusion according to the present 
5 invention is hereafter referred to as Coulombic Annihilation Fusion (CAF). 
For deuterium," CAF requires a source of energy holes of slightly greater 
energy than 27 eV (n/2 27.21 eV; n = 2.3,4....) to cause a resonant radius 
reduction of a Mills orbital of the deuterium atom. An illustration of such 
an energy hole system is Pd 2+ and Li+ which catalytically removes a 
1 0 quantum of energy during each cycle of a reaction where the oxidation 
states increase and decrease by one, respectively, and are regenerated by 
the reverse redox reaction. Also, the present invention provides for many 
more such energy hole systems. 

BRIEF DESCRIPTION OF THF r>R/\vy |Kir^ 

1 5 The present invention is further described with respect to the 

drawings having the following solely exemplary figures, wherein. 

Figure 1 is a pictorial illustration of Mills orbitals of the novel atomic 

model; 

Figure 2 is a pictorial illustration of the magnetic field lines of an 
20 electron in a Mills orbital in an un ionized stale; 

Ftgure 3 is a pictorial illustration of two approaching hydrogen atoms; 
Figure 4 is a pictorial illustration of the two hydrogen molecules as their 
Mills orbitals spatially overlap; 

Figure 5 is a pictorial illustration of the electric field vectors when the 

2 5 Mills orbitals of two hydrogen atoms penetrate; and 

Figure 6 is a block diagram of a fusion reactor according to one 
embodiment of the present invention. 

D ETAILED DESCRIPTION OF THF iNV FNTPN 

Principles 

Conservation of mass-energy, conservation of linear and angular 
momentum, Maxwell's equations, and Newtonian mechanics for sublight 
speeds are absofute laws of nature. Thus, a body in equilibrium which is 
not acting on or being acted on by another body possesses constant mass- 
energy, constant angular momentum, force balance, and is not radiating. 
And. a body not at equilibrium exchanges mass-energy and angular 
momentum in a conservative manner until the body is again at equilibrium. 
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An .solated atom or molecule qualifies as such a body, and a novel model 
of the atom and molecules hereafter referred to as Mills mechanics is 
derived based solely on these principles, and the charge/mass density 
functions which describe the electron are Mills orbitals 
Mills CVhitah 

Consider the body of an isolated hydrogen atom at rest in three- 
d.mens.onal space. All forces are central and the coordinate system is 
spherical. The mass-energy and angular momentum are constant which 
necessitates that the equation of motion of the electron of the atom be a 
time harmonic. Conservation of angular momentum further necessitates 
that the electron space-time angular mass density function must be a 
solution of a wave equation given in general form as follows: 

^%^6~72' A{ °'*' l > = 0 
Spherical harmonics are general solutions of this equation. Conservation 
of momentum and energy in the absence of external forces or enemy 
exchange determine that the angular functions must be separable 

The electron has a charge of 1.6 X 10 -19 c and possesses an angular 
^Pace-tone mass dens.ty function which is a spherical and lime harmonic 
Charge »s conserved and obeys superposition; thus, the mass density 
function of an electron is equivalent to its charge density funct.on which 
dependmg on the form of its separable radial function will radiate due to 
the time harmonic angular acceleration of charge. The condition for 
radiation by moving charge is derived from Maxwell's equations in 
Appendix I. To radiate, the space-time Fourier transform of the charqe 
density function must possess components synchronous with waves 
traveling at the speed of light. Thus, the product of two spherical 
harmonic functions, a time harmonic function, and a radial function must 
not possess space-time Fourier components that are synchronous with 
waves trave.ing a. the speed of light. The solution of this boundary value 
problem is the radial function given as follows: 

'( 0 - 5(r-r 0 ) 

■■ The boundary condition for the product of the said four functions which 
esu s , n the absence of radia.ion is g.ven in Appendix II. For an angular 
frequency of » = „ 0 . the space-time Fourier transform is zero when 2nr = 
nX. Th.s function, with the boundary condition 2nr . nX is a Mi.ls orbital 
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The boundary condition requires that the electron possess a 
wavelength X. The wavelength of an electron is the de Broglie wavelength 

P 

The exact forms of the angular and time harmonic functions can now be 
solved from the wave equation in spherical coordinates. The form of the 
wave equation for the angular and time harmonic functions is as follows: 

W 60~ {Sin6( h > + r2~i^ (§) r.e ♦ ^ J£ ) A(0. t) = 0 
The energy, E, of a rotating body is given as follows: E = 1/2 | w 2 
where I is the body's moment of inertia and w is its angular velocity The 
angular veloc.ty u> is related to the frequency u as follows: 

to = 2nu 

And, the wavelength. X, can be expressed in terms of the frequency u and 
velocity v as follows: 

\>X = v 

Substitution of these relationships into the wave equation gives the 
result, 

f _L_ A , s 1 62 

2 I { sin 0 50 (sm0( 6^ } + sin^G A{ °' *' U = E A(9t l) 

The time harmonic function K(t) = e i<o 0 is separable and is cancelled 
20 yielding the following equation: 

- n? i 6_ 5 i 52 

21 'smeee (s,n0( w> + ^^2l Y (°.*)-EY(0.W (6-46) 
If we multiply Eq. 6-46 by sin2 w and let 

n2 

we Irnd the partial differentia! equation 

sine- (s.no-) + — + Ps in20Y = 0 (6 . 48) 

To solve this partial, differential equation, wo use the method of 
separation of variables and let 

Y(0. *) - g(0) h(») {6 . 49) 
» we substitute Eq. 6-49 into Eq. 6-48 and then divide by 0(0)0(0). we 
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find 

sinO d / . da \ „ 1d 2 h 

~ ( smO ) + P Stn2 0 + — = 0 (6-50) 

g(0) do v dO ' h(<{>) d<j>^ 

Because 0 and <J> are independent variables, we must have that 
5 and 

-^-^=-m 2 (6-52) 
h(<j>) d$ 2 

where m2 is a constant. Note that Eqs. 6-51 and 6-52 add up to Eq. 6-50. 
Equation 6-52 is relatively easy to solve, and its solutions are 

h(«t>) = A m e im< t>and h(<t>) = A-me- im * (6-53) 
1 0 The requirement that h(<j>) be continuous is that 

h(<|> + 2a) = h(<|>) (6-54) 
By substituting Eq. 6-53 into Eq. 6-54, we see that 

A m e im (<J>+2n) = Ame im * (6-55 ) 

and that 

15 A. m e-' m (<H2x) = A _ me -im<|> (G-56) 

Equations 6-55 and 6-56 together imply that 

e ±i2jim = 1 (6-57) 

In terms of sines and cosines, Eq. 6-57 is 

cos(2nm) ± i sin (2nm) = 1 

20 which implies that m = 0, t1. ±2 because cos 2nm = 1 and sin 2nm = 0 

for m = 0, ±1. ±2... Thus Eq. 6-53 can be written as one equation 

hm(*)=A m e im * m = 0. ±1, ±2..,. (6-58) 
We can find A m by requiring that the h m (<t>) be normalized. The 
normalization condition is that 
2rt 



d<> h 
J m 



2 5 Jd»h (<t»)hm(4>) = 1 

0 

Using Eq. 6-58 for the h m («t»), we have 

2n 

|A m | 2 J d* = 1 
0 

or 
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|A m | 2 2ti = 1 

or 

A m = (2ji)"1/2 
Thus, the normalized version of Eq . 6-58 is 

5 : h ^« = ^y^eim* m = o,±1.±2.... (6-59) 

The solution Jo Eq. 6-51 is obtained by the power series method We shall 
not present all the details for the solution to Eq. 6-51. but when one does 
solve Eq. 6-51. it turns out naturally that 0 in Eq. 6-47 must obey the 
condition 

10 B- 1(1*1) 1 = 0.1.2... (6-60) 

Using the definition of B, Eq. 6-60 is equivalent to 

r h? 

E l = ^jl(l+f) 1 = 0.1.2,... (6-61) 
A set of discrete energy levels are obtained. 

The charge density functions of Mills orbitals are given by the solutions to 
Eq. 6-46. To solve Eq. 6-46. we assumed separat.on of variables and wrote 
Y(9,<» = g(8) hfo) (Eq. 6-49) . The resulting differential equation tor h<0) 
(Eq. 6-52) is relatively easy to solve, and we showed that its solutions 
are (Eq. 6-59). The differential equation for g(0). (Eq. 6-51). is not easy to 
solve. It is convenient to let x = cos 0 and g(0) = P(x) in Eq. 6-51. Because 0 
i e i n, the range of x is -1 < x < +1. Under the change of variable, x = cos 0. 
Eq. 6-51 becomes 

0 • x2) ^2 ■ + [l(f + 1) - J^]P(x) = 0 (6,69) 

In Eq. 6-69 we have used the (act that 6 = 1(1 + l)(Cf. Eq. 6 60). Equation 6- 
69 for P(x) is called Legendre's equation and is a well-known equation in 
classical physics. It occurs in a variety of problems that are formulated in 
spherical coordinates. When the power series method of solution is 
applied to Eq. 6-69. the series must be truncated in order that the 
solutions be finite at x = ±1. It is this truncation that yields Eq 6-60 The 
solutions to Eq. 6-69 when m _ 0 are called Legendre polynomials and are 
denoted by P|( x ). Legendre polynomials arise in a number of physical 
problems. The first few Legendre polynomials are given in Table 6-1 
Table 6-1 

The First Few Legendre Polynomials. Which Are the Solutions to Eq. 6-69 
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with m = 0. The Subscript Indexing the Legendre Polynomials Is the Value 
of I in Eq. 6-69. 



PO (x) = 1 
P1 (x) = x 
P2 (x) = 1/2 (3x2-1) 
P3 (x) = 1/2 (5x3-3x) 
P4 (x) = 1/8 {35x^-30x2+3) 



10 Notice from Table 6-1 that P|(x) is an even Junction if I is even and an odd 
function if I is odd. The factors in front of the Pi(x) are chosen such that 
P, (1) = 1. In addition, although we shall not prove it. it can be shown 

generally that the P,(x) in Table 6-1 are orthogonal or that 
1 

JdxP, (x)Pn(x) = 0 I - n (6-70) 
- 1 

1 5 Keep in mind here that the limits on x correspond to the natural, physical 
limits on e(0 to n) in spherical coordinates because x = cosO. The Legendre 
polynomials are normalized by the general relation, which we simply 
present: 

1 

2 



1 



<** IP, WP-2TTT (6-71) 



Equation 6-71 shows that the normalization constant of P, (x) is 
[(21 +1)/2)1/2. 

Although the Legendre polynomials arise only in the case m = 0. they 
are customarily studied first because the solutions for the m * Ocase, 
called associated Legendre functions, are defined in terms of the ordinary 
25 legendre functions. If we denote the associated Legendre polynomial by 
Pj (x) , then their defining relation is 

P, ,mi (x) = (1-x2)M/2^P t(x) (6 .72) 
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Note that only the magnitude of m is relevant here because the defining 
differential equation. Eq. 6-69. depends on only m 2. The first few 
associated Legendre functions are given in Table 6-2. 

Before we go on to discuss a few of the properties of the associated 
Legendre polynomials, let us be sure to realize that it is 9 and not x that 
is the variable of physical interest. Table 6-2 also fists the associated 
Legendre polynomials in terms of cos e and sin 0. Note that the factors 
(1 - x2)l/2 jn Ta5Ie 6 . 2 become sin 0 when the associated Legendre 
functions are expressed in the variable 0. Because x = cos 0. Eqs. 6-70 and 
6-71 are 

1 * 
J p | <x)Pn(*)dx = JdO sine P, (cos0)P n (cosO) = — (6-73) 
- 1 0 
Because the differential volume element in spherical coordinates is 
dt = r 2 sin 0 dr dO d$. we see that the factor sin G d0, in Eq. 6-73. is the "0 
part" of dt in spherical coordinates. 
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Tabte 6-2 

The First Few Associated Legendre Functions p', m '(x) 



0 

P 0 (x) -1 
0 

5 P 1 (x) • x = cosO 



P^x) = Vl - x2 = sino 

P^x) = 1/2(3x2 - 1) = 1/2(3 cos2 9-1) 

P^(x) = 3xVl - x2 = 3 cosO sinG 
2 

P 2 W = 3(1 - x2) = 3 sin2 o 
1 0 P°(x) = 1/2(5x3 - 3x) = 1/2(5 cos3 8 - 3 cos 0) 

Pg(x) = 3/2(5x2 - l)(i . x 2jl/2 = 3/2( 5 cos2 e . 1)sjn e 
2 

P 3 (x) = 15x(1 - x 2) = 15 cos 9 sin2 0 
P 3 (X) = 15(1 - X 2)3/2 = 15 sin3 0 
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The associated Legendre functions satisfy the relation 
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jdx p""' w p';!,,, . U sin e P M (cos „ p lm| (cos o) 

- 1 0 

_ 2 ILjJmll! 

"(2l + 1) (I - jmj)«% (6-74) 

Equation 6-74 can be used to show that the normalization constant of the 
associated Legendre functions is 

"im i 2 (l+|m|).J (675) 
Returning to the original problem now. Eq. 6-46, the Mills orbitals 
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Mil 

funct.ons are P, (cos 0)h m ($). By referring to Eqs. 6-59 and 6-75, we see 
that the functions 

are solutions to Eq. 6-46. The Y™(8, <.) form an orthonormal set 
r .m.. * k 



Jd<> 



dOsinOY, (8.*) Y n (B,<|>) = ^ |$ m j < {6 . 77) 



Note that the Y, (G, <j>) are orthonormal with respect to sinO do d<}> and do 

not just do d*. The factor sin9 d6 d* has a simple physical interpretation. 
The dilferenlial volume element in spherical coordinates is r2 s inO dr d9 
d<}> If r is a constant, as it is in the case of a radial delta function, and set 
equal to unity for convenience, then the spherical coordinate volume 
element becomes a surface element. dA = sine d9 d<t>. If this surface 
element is integrated over 0 and we obtain 4n, the surface area of a 
sphere of unit radius. Thus. sinO dO d<> is an area element on the surface of 
a sphere ol unit radius. According to Eq. 6-77. the Y™ 8. *) are orthonormal 

1 5 over a spherical surface and so are called spherical harmonics. The first 
lew spherical harmonics are given in Table 6-3. 
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Table 6-3 

The First Few Spherical Harmonics 



0 - (4K)t/2 

b Y i = (7~) COS 0 
. lit 

1 = W S,n 0 e 

Y -1 ,3.1/2 -j<t, 

1 = *8n' COS 0 e 

x/0 5 1/2 

2 = ( 16? < 3cos2 8-1) 

Y 1 ,i§J /2 rt ><}> 

in Y" 1 /IV /2. 

1 u Y 2 ■= ( 8jt > sin 0 cos 0 e 

Y 2 r-l§-J>2 • , „ 2i<> 
2 = *32n^ 5 e 

Y -2 f JL§_ 1/2 
2 \)2n' Sin 0 e 



The angular Junctions of Mills orb.tals are spherical harmonics, and 
the angular kinetic energy is given as 

Ek-gj-lfl + 1) I = 0. 1, 2. ... 

The angular kinetic energy E k is related to the angular momentum. L. 
by the following relationship- 

. L2 
E k =- 

Thus. L - h Vl(l + 1) | = o. 1 , 2, ... 

MWs orbitals are the product of the angular, radial, and time functions 
which are given as follows: 
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M(r. 0. 4», I) « Y{0, 8(f - r c ) e'^ot 
Y(e,<|>) is a function of e im * for I - o. The product e»m*e«<»ot = e'f><t> + w 0 t) 
is a traveling wave with angular frequency oa 0 . 

The angular frequency can be derived from the angular momentum 
5 energy as follows: 

E = -la>2*-|<| + 1) 
W 2 - Jf 1(1 + 1) 
(0= ^Vl(l + 1) 

In addition to the spherical harmonics of Table 6-3 
1/2 -1/2 
10 Y )/2 and Y 1/2 . with I = 1/2 

is also a solution to equation 6-46. A Mills orbital of one of these 
functions is a time harmonic spinning charge density function, and it can 
be shown that this Mills orbital always possesses a magnetic moment of 
one Bohr magneton, 6, given as follows: 

1 c eh 

15 P = — 

where e is the charge and ji is the mass of the electron and h is Planck's 
constant divided by 2n. The angular momentum of these functions is 
distinguished from that of the former solutions by assigning it the 
variable S. the spin angular momentum of the electron which is given as 
20 follows: 

S = fWs(s + l]~ 
S = 1/2 
m s = i 1/2 

And. the angular momentum. L. is defined as orbital angular momentum. 

A sum of independent solutions to Eq. 6-46 is a solution, and the same 
condition applies to the boundary condition for nonradiation. Thus, the 
Mills orbital of the electron is given as the sum of the following 
functions: 
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M(r. 0. t) = y"l (e. ♦) 6(r - r 0 ) e««| t + Y^e. *) 5(r - r 0 ) e ^ I 
1 s 

where 

- , Vi(Ul) I = 0. 1, 
h , 

o>2 = |"Vs(s + 1) s = 1/2 

5 Thus, it is apparent that a Mills orbital is a spherical shell of 

charge/mass density of zero width where the charge/mass is a base 

function defined by Y^ to which is added a component of modulation of 

s 

mass/charge density given by y"1 where the total charge is e. the charge 

of an electron, and the total mass is n, the mass of the electron. 
(Diagrams of several representative Mills orbitals are given in Figurel.) 
The two components are independent time harmonics which rotate in the 
same or opposite directions. The interaction of the two independent 
components gives rise to spin-orbital coupling. 

It can be demonstrated that the moment of inertia of the orbital 
angular momentum and spin angular momentum are given respectively as 
follows: 

'spin = J" 2 \'s(s + V) 

'angular = l Jf2 ^0 + 1 ) 
where u is the mass of the electron and r is the radius of the Mills orbital. 
Substitution of this result into the angular f requency relationships gives 

^ 1 ur2 V l( I +1) Mr2 

51 M r 2 Vs(S + 1) fi' 2 

The linear velocity is obtained from the angular velocity by the following 
equation: 
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v = r (o 

Thus r the linear velocity of the spin and orbital Mills orbilats is given as 
follows: 

h 

v = — 

To prove this tesutt is consistent with the boundary condition for 
nonradiation, the wavelength is derived from this result and the boundary 
condition, 2*r = nX; n =1,2,3,... as follows: 

X v jir^v 

1 _ h 
X " 2*r2nrpv 

1 _ h 

X " Xpv 

h 

x = - 

P 

Position and Energies of Mills Orbitats 
The radius of each Mills orbital can be calculated by equating the 
centripetal force with the other central forces. The forces are as follows: 
15 1.) coulombic attractive force of the positively charged nucleus for 

the negatively charged Mills orbital; 

2. ) an attractive magnetic spin pairing force between two unpaired 

electrons which causes them to be at the force balance at 
the same radius with vectoriaily opposed spins; thus, the 
20 magnetic moments cancel; 

3. ) a repulsive diamagnetic force between two paired electrons and 

an unpaired electron where the radius of the former is 
unaffected by this force. 
Only the coulombic force is involved in the one electron atom. The 

25 coulombic and the spin-pairing forces are involved in two electron atoms, 
and the coulombic and diamagnetic forces are involved in calculating the 
radius of the third electron of a three electron atom, where the previously 
calculated radius of the inner shell comprising two spin-paired electrons 
is used in the calculation. The orbital energy ot any electron can be 

3 0 calculated from the calculated radius as the energy stored in ils electric 
and magnetic fields. (The magnetic field of an electron and the energy 
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stored in the magnetic field of two electrons is given in Appendix IV. A 
magnetic field diagram of an electron is given in Figure 2.) Examples of 
one-, two-, and three-electron atoms are given below which demonstrate 
the said forces. And. it is further demonstrated, in the case of lithium 
that the sum of the orbital energy and the change in orbital energies of the 
two remaining inner shell electrons following ionization is equal to the 
experimentally determined first ionization energy of lithium. 
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The One-Electron Atom 
uv 2 

centripetal force = — — 

centripetal electrostatic force = v +2e )(' e ) = -=Z£g_ 

4ne 0 r z 4jie 0 r 2 
(obtained by taking the gradient of the electrostatic potential) 
We can solve, for the radius of the electron shell by balancing these forces 

uv 2 7*>2 

' 4ne 0 r 2 

The boundary condition is 2nr = nX which gives to = ~~ ; v = rw ; thus, v = 
h?_ 

njir . When an electron in the ground state absorbs a photon of sufficient 

energy to take it to a new non-radiative state, n = 2. 3. 4 force balance 

must be maintained. This is possible only if we let Z e(( = ~ and. 
therelore 



t* v " 2 = Z e »e 2 
fn 4n< 0 r n 2 

The reduction of the charge from Ze to Ze/n is caused by trapping a photon 

in the orbitsphere cavity— a spherical cavity. 

Therefore, 

4 nc 0 nn 2 nao 

" Ze 2 M ^ (1 > 
The energy stored in the electric field of the orbitsphere, E e)e .is 

1 2it n z ^ 2in z ^ 

E e .e - Co J J J E 2 dv = (1) £o J J J 16 J £ e o2nr4 r2 S in GdrdGd* 

CO 

where the electric field. E. is 

e 





E = 0, r 


< ao; E = 




na<j 






Z 




Ze 2 




Z2e 2 


8n£on 


d < " 


8riCoaon 



4*e 0 r 2 ' ' 2 30 
Z 2 
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Z 2 

E ele - - (13.589) eV (2) 

Equations (1) and (2) can be used for any one-electron atom. The energies 
for several one-electron atoms are shown in Table 1. 
Table 1 Calculated energies (non-relativistic) and calculated ionization 
5 energies lor some one-electron atoms (without realtivistic 

correction). 

Atom Energy (eV)a Ionization Energy (eV) 

H -13.589 13.595 

He+ -54.35 54.587 

10 Li2+ -122.28 122.45 

Be3+ -217.40 217.71 

B4+ -339.68 340.22 

C5+ 489.14 489.98 

N6+ 665.77 667.03 

15 0?+ 869.58 871.39 

a from equation (2) 
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The Two-Electron Atom 
uv 2 

centripetal force = -y— 

centripetal electrostatic force = - ^ Z * 

4jie 0 r 2 

•■ 1 h 2 . 

centripetal magnetic force = - = — rVS(S + 1) 

Zur 3 ' 

5 (obtained by taking the gradient of the angular momentum energy) 

Consider two indistinguishable electrons where each is subject lo an 
effective nuclear charge of Z-1 due to cancellation of one nuclear charge 
by the other electron. Each electron has a positive spin pairing force for 
the other. The balance of force equations is as follows: 

10 For n= 1, v 2 = 

H^i J5i (Z - 1)e 2 1 n 2 r- 

and, 

' ~ "^Z 1 " Z (Z - 1) " O) 
The electrostatic energy is 
1 5 F ( Z ' 1)e2 

The magnetic energy is 

2n Mo e 2 h 2 

E(magnetic) = — - — {5) 

u^r J ' 

(The energy stored in the magnetic field of an electron is derived in 
Appendix IV.) 
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Table II The calculated electrostatic and magnetic energies for 
some two-electron atoms (without relativisJic 
corrections). 



5 



10 



1 5 



Atom 


Atomic 


R(a 0 ) a 


Electrostatic 


Magnetic Total 


Experiment; 




Number 




Energy 0 


Energy 0 


Energy 


Ionization 








(eV) 


(eV) 


(eV) 


Energy (eV) 


He 


2 


0.567 


-23.96 


-0.63 


-24.59 


24.587 


Li 


3 


0.356 


-76.41 


-2.54 


-78.95 


75.638 


Be 


4 


0.261 


-156.08 


-6.42 


-162.50 


153.893 


B 


5 


0.207 


-262.94 


-12.96 


-275.90 


259.368 


C 


6 


0.171 


-396.98 


-22.83 


-419.81 


392.077 


N 


7 


0.146 


-558.20 


-36.74 


-594.93 


552.057 


0 


8 


0.127 


-746.59 


-55.35 


-801.95 


739.315 


F 


9 


0.113 


-962.17 


-79.37 - 


1.041.54 


953.886 


a from 


equation 


(3) 










bfrom 


equation 


(4) 











c from equation {5) 
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Three-Electron Atom 
(First Ionization Energy of Lithium) 
From the Li2 + (see Table 2). it was determined that there are two 
oppositely spin-paired electrons in a shell with the radius 

12 6 

The next electron is added to form a new shell. This is a consequence of a 
repulsive force that exists between the two spin-paired electrons and the 
spin unpaired electron. This repulsive magnetic force arises from the 
phenomenon of diamagnetism involving the magnetic field produced by the 
1 0 outer electron and the two paired electrons of the inner shell. 

(The following calculation is given by Edward Purcell in Electricity 
and Magnetism, p. 370-389. The diamagnetic lorce of the two paired inner 
. shell electrons acting on the outer shell electrons is given as 
-mv 0 Av av eB eB ft 
r r =2 M = 4u V ° V~ 

15 where r. is the radial distance of the first shell from the origin. 
^ n eB 
4ri n 

The magnetic flux is that supplied by the constant field inside the shell of 
the outer electron and is given by: 
n Moeh 

o = " T-T : therefore. 
ji r J 



20 F = - 



h 2 1 e?uo 



4ur 2 r, 

e 2 Ho j— 

= Vs(s + 1) 



Mr 



h 2 



F ■ — r~^s(s + 1) 

The radius of the orbital for the outer electron of lithium is calculated by 
equating the centripetal force to the sum of the coulombic and 
25 diamagnetic foices as follows: 

Mv 2 _ e 2 h? 

< = 4*C 0 r 2 " 4 M r2 ri V$(S + *> 
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v = 



hi 

pr 3 



and n = a 0 
e 2 



thus. 



4nE 0 r 2 



4pr 2 a< 



Vi 



Vs(s + 1) 



1 - 



V3/4 



~=\ = 2.56 ao 



The energy stored in the electric field is calculated as follows: 



- 5.318 eV 



8ne 0 r " 8ji£o2.56a 0 

The field due to the outer shell electron changes the angular velocities 
of the inner shell electron; however, the magnetic field of the outer 
electron provides a central Lorentzian force which exactly balances the 
change in centripetal force due to the change in angular velocity. Thus, the 
radius of the inner shell is unchanged. Consequently, the electric energy of 
the inner shell is unchanged upon ionization. However, the outer field 
changes the magnetic moments of the inner shell electrons. The change per 
electron is given by Purcell as follows: 

m>eh 



Bm = 



-e 2 r 1 2 



B 



B = 



4n ~ >ir2 3 

where n is the radius of the inner shell and r2 is the radius of the outer 
shell. 



e 2 ri 2 ppeh 
4p pr2 3 

= Vs(s + 1) 



Bm = 

Hoe 2 
fir 2 

eh ri 2 ■ 

B m = ~~7Vs(s 



* 1) 



Mb = 



Bm eh/4n r t 2 
u b eh/2n fz2 



Vs(s + 1) 



2 



rv 



en 
2|i 

Vs(s + 1) 
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6 JJ 



V 3/4 



1; - 



Mulliply the result by two because there are two electrons 

(2.555)2 
- 0.0167 

We add one and square to get the fractional change in the magnetic energy 
of the inner shell.(because the energy stored in the magnetic Held is 
proportional to (he magnetic field strength squared) 
(1.0167)2 = 1.0338 

Thus, the change in magnetic energy of the inner shell is 3.382% which is 
given by: 

2.543 eV (0.3382) = .0860 eV 
(Where the magnetic energy of lithium* appears in Table II.) 
ionization = 0860 eV + 5.318 eV = 5.4038 eV 

The calculated ionization energy without relativists correction is 
5.40 eV. 

The experimental ionization energy is 5.392 eV. 

Energy due to Spin Nuclear Interactions 

If the magnetic quantum number of the nucleus is greater than 0, the 
nucleus has a magnetic moment and the magnetic field of the electron can 
interact with the nuclear moment. This interaction is an important 
parameter for structural determinations by electron paramagnetic 
resonance spectroscopy and Mossbauer spectroscopy. The energy of 
interaction is given as follows: 

E = u n . B, where pn is the nuclear moment and B is the magnetic flux. 
In the case of an electron, it can be seen from Figure 2 that the flux of an 
electron at the nucleus is uniform and is given in Appendix IV as follows: 
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The magnetic moment of a proton is given as follows: 
eh 

Mp = 2^ 

where, mp is the mass of the proton. 

When the nuclear moment is aligned with the electron's field 0 0 and the 
energy is given as follows: 

E eh Moeh 
2mp pr 3 

These energies are small. For example the energy of spin-nuclear 
interactions for hydrogen are 1.98 ' 10 5 eV. 

The Nature of the Chemical Bond 
The driving force of molecular bonding is the decrease in the energy 
stored in the electric fields of the participating atoms as a consequence 
of overlap of their Mills orbitals. (The magnetic stored energy is involved 
but is dominated by the electric stored energy.) 

Consider two isolated hydrogen atoms that approach each other along 
the mternuclear axis as shown in Figure 3. The electric field of each atom 
is zero for radial distance greater than a 0 , the radius of the Mills orbital 
of the electron. As the Mills orbitals from one atom penetrates the space 
of the other, the electric field components add vectorially. The 
components parallel to the internuclear axis cancel, and the perpendicular 
components add positively. The latter components have a positive 
tangential projection onto the angular vectors of the Mills orbitals in the 
region ol overlap. 

The energy stored in the electric fields of the atoms decreases as the 
mternuclear distance decreases; however, it reaches a minimum then 
increases rapidly as a function of the internuclear distance. The 
trajectory produces the classic potential well, and the internuclear 
distance is given the geometric calculation in Appendix V as sj~2 a 0 = 748A 
wh.ch is the exact experimental value. Thus, molecular bonding is 
demonstrated to result from interactions of the electric fields of atoms 
wh.ch minimizes the energy. Starting with the case of the hydrogen 
molecule of Appendix V. consider reducing the total charge of one of the 
Mills orbitals. The internuclear distance increases as the charge 
decreases. In the limit of no charge, the internuclear distance is 2a 0 This 
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is apparent from the following argument, the addition of an infinitesimal 
amount of charge to the Mills orbital of zero charge produces an 
infinitesimal overlap due to an infinitesimal lowering of the total energy. 
Thus, the internuclear distance before the infinitesimal addition was 2a 0 
5 which is the exact experimentalfy measured distance for the H2+ 
molecufe. 

Furthermore, it can be shown that the diatomic molecule can be 
approximated by a harmonic oscillator with quantized energy levels given 
as follows: 

1 0 Eyib = (n + 1/2)hu 0 n = 0. 1, 2, ... 
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v 0 



1 /r 



where u is the reduced mass of the atoms, and k is the spring constant 
which is proportional to the bond strength; therefore, k is proportional to 
the gradient ot the Junction of the bond energy as the internuclear 
1 5 distance changes. 

It can also be shown that the rotational energies of a diatomic 
molecule are given as follows 

E f0 , = hcB(J +1) J » 0, 1, 2.... 

Selection Rules 

20 The electrons which are described by Mills orbitals can absorb energy 
and achieve an excited state, and they can lose or emit energy and achieve 
a lower energy state. In the case electromagnetic radiation, energy flow 
is governed by Poynting's theorem 

V "S =-j«uH -H + jcoeE E* - /- E 
25 where the parameters are as follows: 

S is the power; the first term is the rate of change in the stored magnetic 
energy, the second term is the rate of change in the stored electric 
energy, and the third term is the dissipated power. For electromagnetic 
radiation, the ground state is the lowest energy state. The ground state is 
given by the balance of the centripetal and coulombic forces. For the 
hydrogen atom, the radius and energy appear in Table 2 as a D and 13.6 eV. 
respectively. The boundary condition for Mills orbitals was given in the 
Mills Orbital Section as 2ar = nX where r = a 0 for n - 1. 

Thus, the absorption or emiS s.on of a photon by a hydrogen atom causes 
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the radius to change by an integer multiple of a 0 . The energy of the photon 
is the difference in energy of the initial and final orbitals where the 
equation for the energies of the orbitals is given in the One Electron Atom 
Section. Photon absorption by an electron creates a standing wave of the 
photon's electric and magnetic fields inside of the Mills orbital. These 
fields are solutions to Laplace's equations in three dimensions which are 
spherical harmonic equations. The photon field exists as a standing wave 
where surface currents of the Mills orbital are generated by the said wave 
and are boundary conditions for its existence. The angular momentum and 
spin angular momentum of all Mills orbitals are given by 

E| = IWI(I + 1 ) 

and 

Es = lWs(s + 1) . 
respectively. 

The angular momentum is a vector; thus, it is apparent that the angular 
momentum can change by zero or ±1 during a photon absorption or 
emission event, a transition. Angular momentum must be conserved; 
therefore, the quantum of angular momentum is provided by the photon 
which carries the exact opposite quantum of angular momentum as that 
imparted to the Mills orbital. The standing wave of the photon is a 
traveling standing wave where the Mills orbital surface currents, induced 
by the wave, provide one quantum of angular momentum to the Mills 
orbital in the opposite direction to the angular direction of the traveling 
wave. Furthermore, angular momentum is also conserved if the wave does 
not travel. In this case, the photon wave can be considered as the 
superposition of two traveling waves rotating in opposite directions with 
the same angular velocity and is analogous to plane polarized light Thus 
the selection rules for a photon induced transition of A m , & s = o. ±1 arise 
naturally (6 m is tne cnange in anguIaf momentum, and A s is the change in 
spin angular momentum) where a change of zero is the nontraveling wave 
case and a change of 1 is the traveling wave case. This is totally 
consistent with experimentation which demonstrates these rules to be 
correct where the photon carries one or zero quantum of angular 
momentum. Consistently, a transition has a rise time and. consequently a 
line width, as is the case in electrodynamics. 
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The standing photon wave has a nonzero electric field at the Mills 
orbital which has a radial component which combined with the induced 
surface currents provided by its tangential electric field cause the 
centripetal and central coulombic forces to be balanced at an integer 
multiple of a 0 . Thus, the standing wave has an effective charge given by 
e 0 ei r which reduces the coulombic attraction of the nucleus. Because a 
photon can only reduce the coulombic attraction, the ground state, which 
contains no photon field, is tho smallest radius possible for photon 
transitions. It will be shown in the Coulombic Annihilation Fusion Section 
that the resonant absorption of energy holes can shrink the radius by 
quantized fractions of a 0 . 

Effects of External Fields 
External magnetic fields align magnetic moments (Bohr magnetons) of 
atoms for those with unpaired electrons, or external magnetic fields 
effect diamagnetic phenomenon in those materials that do not have 
unpaired electrons. Neither phenomenon affects the boundary conditions 
for nonradiation. 

External electric fields cause a redistribution of the charge density of 
the Mills orbitals. the charge density functions, to create a dipole moment 
in the atom or molecule. This phenomenon is polarization. The orbital 
condition 2*r = nX is not violated, so no radiation occurs. 

Electrons can absorb photons from magnetic or electric fields to 
become ionized. This occurs readily in a conductor or superconductor Mills 
orbitals of electrons are spherically symmetric. As photons are absorbed 
the radius expands from the ground state with radius n to n n where n = 
2 ' 3 As n 9° es ,0 infin 'ly the radius r goes to infinity and the Mills 
orbital becomes a plane wave. The boundary condition for a Mills orbital 
2nr = n\ still applies; therefore. X - £ .The plane wave nature of the 
ionized electron is confirmed by double slit experiments that demonstrate 
that the resulting interference pattern is consistent with the electron 
traveling through both slits simultaneously and possessing a wavelength 

Metals have electrons as Mills orbitals which individually absorb 
energy , n the form of a photon from applied magnetic or electric fields to 
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become ionized to produce individual plane waves which are scattered by 
phonons. There exists many electrons which can absorb the electric or 
magnetic energy to become ionized and propagate as plane waves through 
the material. In the case of superconductors, two electrons are ionized 
5 simultaneously and pair 180° out of phase as a zero phonon event to form 
Cooper pairs Which have a low probability of being scattered as they 
propagate. Superconductors are described in detail in the Superconductor 
Section. 

Superconductors 

1 0 The Mills orbital of an electron is a spherical shell. The shell 

annihilates photons during absorption to trap them as standing waves 
inside the Mills orbital. The radius of the Mills orbital increases as the 
energy stored in the field of the photonic wave increases. Because the 
Mills orbital is a sphere, the orbital approaches a plane wave of charge 

1 5 density as the radius goes to infinity. Thus, an electron becomes a plane 

wave carrying a plane photon wave when it is ionized. Two electrons can 
be ionized simultaneously to create two traveling waves. If they are 
initially oppositely paired in terms of spin and angular momentum, then 
the two electrons with their accompanying photonic waves may add 
20 destructively. (180° out of phase, as plane waves when they are 

simultaneously ionized). This event occurs with no excitation of a phonon 
(lattice vibration). That is it must be a zero phonon event because phonons 
change the relative phases of the plane waves and exchange energy with 
the photonic fields. 

2 5 These paired Mills orbital plane waves, which are 180° out of phase, 

carry the supercurrent in superconductors, and are known as Cooper pairs. 
They possess a low phonon interaction cross section for dephasing and 
breaking in the superconductor. Breaking the pairs requires the 
simultaneous absorption by the pair of anti-symmetric phonons. This is 

3 0 the boundary condition because Cooper pair creation was a zero phonon 

event; thus, anti-symmetric phonons must simultaneously be absorbed to 
break the Cooper pairs to conserve angufar and linear momentum of the 
entire system-Cooper pair plus phonons (lattice distortions). 

Thus, it is apparent that a superconductor with a high transition 
3 5 temperature is a material wilh the following properties: 

1.) a large population of atoms with electrons which can 
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readily absorb energy from an electric or magnetic field to 
become ionized in such a fashion that they can participate 
in Cooper pair formation 
2.) a low population of phonons at high temperatures 
5 3.) a low population of phonons of sufficient energy to break 

; Cooper pairs at high temperatures 
4.) a low population or low probability ofopposite symmetry 
phonons of energy sufficient to break Cooper pairs. 
Materials that contain atoms of transition elements satisfy condition 
10 1. Materials which contain one of two dimensional lattices with strong 
bond energies satisfy conditions 2 and 3. Ceramics are materials of 
condition 2. Materials which contain one or two dimensional lattices with 
mixed valency or all different atoms in the unit well satisfy condition 4. 
The ideal unit cell is 
15 ^ 

D M B, where M is a transition metal and A, B, C r and D are 

t 

different atoms or different oxidation states of the same or different 
atoms. Perovskite superconductors such as (Ba, Sr, Y) x La2-x Cu04 are 

20 examples of materials which contain all of the said parameters. 

Couiornbic Annihilation Fusion 
It was demonstrated in the Selection Rules Section that resonant 
photon absorption can only increase the radius of a Milts orbital. For 
resonant photon absorption, the ground state has the smallest radius 

25 possible. For the hydrogen, atom the radius of the ground state Mills 

orbital is given in Table t as a 0 . This orbital contains no photonic waves, 

and the outward centripetal force and the inward couiornbic force of the 

electron exactly balance. The relationship is as follows: 

mv 2 e? h 
^ = 7"~ where v = 

30 It is apparent from this relationship that the radius would decrease if 
the velocity were somehow decreased. To decrease the velocity, energy 
must be removed which is equivalent to the absorption of an energy hole 
by the electron. When energy is removed the Mills orbital will decrease to 
another allowed state where the boundary condition, 2nr nX, and the 

3 5 force balance is met. 



Thus, it can be demonstrated, as appears in Appendix VI, that the 
absorption of an energy hole with concomitant shrinkage of the radius of 
the Mills orbital is a resonant process with quantum numbers. The 
resonance "shrinkage" energy given in Appendix VI for the hydrogen atom 

is n/2 27.21 eV where n = 2, 3,..., and the radius shrinkage is a 0 (^~ - 
where ni is the quantum integer of the initial orbital and n2 is the 
quantum integer of the final orbital of a radius shrinkage transition. 

The electrons in deuterium atoms are described by Mills orbitals which 
satisfy the boundary condition 2nr = n\, and possess no space-time Fourier 
components synchronous with waves traveling at the speed of light; thus, 
they do not radiate. The electric field of the Mills orbital of a deuterium 
atom is that of a point charge at the origin for radial distances greater 
than the orbital radius. For these distances, the field of the Mills orbital 
exactly cancels the field of the proton which is also that of a point charge 
at the origin. The electric field of a Mills orbital is zero inside the 
orbital; thus, the electric field inside the orbital of the deuterium atom is 
the point charge field of the proton. It was demonstrated in the Nature of 
the Chemical Bond Section that chemical bonding was due to this feature 
of electric fields of Mills orbitals where the total energy of the electric 
fields of the participating atoms was minimized when the internuclear 
distance is V2 times the radius of the Mills orbital. And. this feature 
together with resonant shrinkage of the Mills orbitals is the basis of 
"cold fusion" of deuterium. Coulombic Annihilation Fusion, the present 
invention. Coujombic repulsions of the nuclei prevent them from 
approaching sufficiently for the strong nuclear force to dominate and lor 
fusion to occur. However, outside of the Mills orbital of a deuterium atom 
there is no electric field; thus, for each ol two deuterium atoms, when the 
Mills orbital is sulficientty decreased by the resonant absorption by 
energy holes, the internuclear distance of two deuterium atoms becomes 
the distance at which the attractive strong nuclear force dominates the 
repulsive coulombic force, and fusion ol deuterium to helium and tritium 
occurs with the release of 931 MeV/amu. The mass change lor lusion ol 
deuterium is 0.03 amu; therelore 28 MeV/atom of energy is released. 
It is demonstrated in Appendix Vt that the radius of the Mills orbital 
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of the deuterium atom will decrease by a 0 ( — - — ) when an energy hole 

of energy equal to nl2 27.21 eV; n - 2 t 3, 4,..., is resonantfy absorbed. With 
continued resonance shrinkage-absorption of energy holes-by the atom, 
the Mills orbital shrinks to small dimensions, and when approximately 100 
5 KeV of energy* holes have been absorbed the radius is sufficiently small 
that the deuterium atom will fuse with another atom of deuterium with a 
similar dimension of its Mills orbital. 

A catalystic system to produce energy holes of 27.21 eV is a preferred 
embodiment of the present invention. For such a system the population of 
1 0 energy holes is not exhausted because they are regenerated. 

Palladium 2+ anc j |jthium+ is such a system. The catalytic cycle which 
affects the quantized decrease in the radius of the Mills orbital of the 
deuterium atom is as follows: 

27.54 eV + Li- + Pd>* + *h[^ ] -> Li + Pd*+ + 7 ^{^~ } ] + Kp + D 2 - n*l x 13.6 cV 

15 U + Pd 3+ » Li + + Pd 2 + + 27.54 eV 

Overall reaction 

~> 2 h[^] + Kp, 1)2 -p2 )x 13.6 eV 

where p = 1.2, 3 

The Palladium lithium system involves three species. The rate of the 
20 resonance shrinkage can be increased by reducing the number of species to 
two. Titanium^rubidium, or argon are effective catalysts. The catalytic 
reactions are as follows: 

27.491 eV + Ti^ ♦ 2„[^] _ Tj3+ + e - + 2 H [^ ] + , (p + „2 _ p 2, x 13 6 eV 

TP* + e~ -> Ti 2+ + 27.491 eV 

25 (8.8) 
And, the overall reaction is 

Hp] "» HiffT)} + I(p + 1) 2 -P 2 )xl3 6ev 
where the ionization energy, Ej on . for Ti2+ is 27.491 eV; p is a integer 
27.491 eV + Rb* ♦ 2 H [i ] _ Rb>+ + e - ♦ ^{j^ ] * Kp ♦ 1)2 - p*) x 13.6 eV 
30 Rb 7 * +e~ -» Rb + + 27.28 eV 

Overall reaction 
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2«[2j] -» 2 H[(^] * (( P + l) 2 -p 2 )xl3.6eV 
where the ionization energy, Ejon. for Rb + is 27.28 eV 

27.63 eV+ Ar* + 2h[^ ] -* At 2 * + e~ + 2 n[(p~TT) ] + f( P + 1)2 " P 2) x 13 6 eV 
j Ar 2 * +e~ -> Ar* + 27.63 eV 

5 Overall reaction 

2 Kp] -* 2H feTT>] + Kp+1) 2 -P 2 )x13.6ev 
where the ionization energy, Ejon» 

for Ar+ is 27.629 eV. 
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The present invention comprises a source of energy holes of 
approximately 27 eV to resonantly shrink the Mills orbitals of deuterium 
atoms, including a source of said holes produced by further 
electrochemical reactions or chemical, photochemical, thermal, free 
5 radical, sonic, or nuclear reactions or inelastic particles, or photon 

scattering reactions. The closer the energy of the hole is to the quantum 

of 27.21 eV or the quanta of j 27.21 eV; n - 2, 3, 4,..., the greater the rate 

of reaction because phonons ortranslational or rotational modes do not 
have to be simultaneously excited to match the resonant shrinkage energy. 

1 0 Table 3 is a table of ionization energies as given in Chemical Structure 
and Bonding, Rodger L DeKock and Harry P. Gray, the Benjamim Cummings 
Publishing Company, Menlo Park, CA, (1980), pp. 76-77 which is 
incorporated by reference. Electrochemical couples with ionization energy 
differences of approximately 27 eV can catalyze the removal of energy 

15 from the electrons of deuterium and/or tritium atoms and molecules and 
catalyze cold fusion of deuterium and/or tritium. 
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Representative electrochemical couples which generate energy holes 
of approximately 27 eV appear in Table 4, and some catalytic couples 
comprising single elements which are cations, neutral, or anions and 
single molecules which are cations, anions, or neutral or combinations of 
the said species-reactants are also found in Table 4. For n = 2 the 
resonance ehe/gy is 27.21; for n = 16 the resonance energy is 217.68 eV; 
(or n = 54. the resonance energy is 734.67 eV. 
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Table 4. Representative Electrochemical couples that 

catalytically produce energy holes of 27 eV to shrink 
deuterium atoms. 





Electrochemical 


Ionization 


Energy Hole 


5 


CouDle 


Energy 






Lu3+' 


45.19 


27.768 




F+ 


17.422 






Pb?+ 


32.93 


27.538 




Li+ 






10 


Ni2+ 


35.17 






Fp+ 


7 4fi 






* *y 


34 83 






ill i 








Zr3+ 


34.34 


27.241 


15 


Mo+ 


7.099 






Nb3+ 


38.3 


27.863 




Hg+ 


10.437 






Cu2+ 


36.83 


27.605 




Au + 


9.225 




20 


Pb^ 


31.937 


27.596 




K+ 


4.341 






Ge2+ 


34.22 


27.34 




Nb+ 


6.88 





Many others exist and are given in the above referenced Table 3 of 
25 ionization energies. 
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Table 4. 
(con't) 



Some representative single-ions capable of producing 
energy holes for shrinking deuterium atoms. The number 
following the atomic symbol, (n), is the nth ionization 
energy of the atom. That is for example, Ti2+ + 27.49 eV 
= Ti3+ + e \ 



10 



15 



/tic Ion 


n 


nth Ionization Energy 


Al 2+ 


3 


28.45 


Ar 1 + 


2 


27.63 


Ti 2+ 


3 


27.49 


As 2+ 


3 


28.35 


Rb U 


2 


27.28 


Mo 2+ 


3 


27.16 


Ru 2+ 


3 


28.47 


In 2+ 


3 


28.03 


Te 2+ 


3 


27.96 
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Table 4. Some representative two-ion couples capable of 

(con't) producing energy holes for shrinking deuterium atoms. 

The number following the ion, (n), is the nth ionization 
energy of the atom. That is for example, Pd 2 + + 32.93 eV 
= Pd 3+ + e- and Li+ + e~ = Li + 5.39 eV. 



25 



30 
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Atom 


n 


nth Ion- 


Atom 


n 


nth Ion- 


Energy 


Oxidiz- 




ization 


Reduced 


ization 


Hole 


ed 




Energy 
(eV) 






Energy 
(eV) 


(eV> 


No 1 + 


2 


40.96 


H 1 + 




13.60 


27.36 


Ar 2 + 


3 


40.74 


H 1 + 




13.60 


27.14 


Sn 3 + 


4 


40.73 


H 1 4 




13.60 


27.14 


Pm 3 + 


4 


41.10 


H 1 + 




13.60 


27.50 


Sm 3 + 


4 


41.40 


H 1 4 




13.60 


27.80 


Dy 3 + 


4 


41.50 


H 1 4 




13.60 


27.90 


Kr3f 


4 


52.50 


He 1 4 




24.59 


27.91 


Rb3 + 


4 


52.60 


He 1 4 




24.59 


28.01 


K 4 4 


5 


82.66 


He 2 4 


2 


54.42 


28.24 


Zn 4 + 


5 


82.60 


He 2 4 


2 


54.42 


28.18 


Se 5 + 


6 


81.70 


He 2 4 


2 


54.42 


27.28 


He 1 + 


2 


54.42 


Rb2 4 


2 


27.28 


27.14 
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Zr 4 + 


5 


81.50 


He 2 4 


2 


54.42 


27.08 


He 1 + 


2 


54.42 


Mo 3 + 


3 


27.16 


27.26 


Si 2 4 


3 


33.49 


Li 1 + 


1 


5.39 


28.10 


Mn 2 4 


3 


33.67 


Li 1 4 


1 


5.39 


28 27 


Co 2 + 


3 


33.50 


Li 1 4 


1 


5.39 


28.1 1 


Pd2 + 


3 


32.93 


Li 1 4 


1 


5.39 


27.54 


1 2 + 


3 


33.00 


Li 1 4 


1 


5.39 


27.61 


Hf 3 + 


4 


33.33 


Li 1 4 


1 


5.39 


27.94 


Li 1 + 


2 


75.64 


C 3 + 


3 


47.89 


27.75 


Li 1 + 


2 


75.64 


N 3 + 


3 


47.45 


28.19 


Li 1 + 


2 


75.64 


Na 2 4 


2 


47.29 


28.35 


Li 1 + 


2 


75.64 


S 4 + 


4 


47.30 


28.34 


Cu 5 + 


6 


103.00 


Li 2 4 


2 


75.64 


27.36 


Li 1 + 


2 


75.64 


Br 4 4 


4 


47.30 


28.34 


Br 6 + 


7 


103.00 


Li 2 + 


2 


75.64 


27.36 


V 6 + 


7 


150.17 


Li 3 4 


3 


122.45 


27.72 


Li 2 4 


3 


122.45 


Mn 6 4 


6 


95.00 


27.45 


Cu2 + 


3 


36.83 


Be 1 4 


1 


9.32 


27.51 


Kr 2 4 


3 


36.95 


Be 1 4 


1 


9.32 


27.63 


Cd2 + 


3 


37.48 


Be 1 4 


1 


9.32 


28.16 


Te 3 + 


4 


37.41 


Be 1 4- 


1 


9.32 


28.09 


Ce 3 4 


4 


36.76 


Be 1 4 


1 


9.32 


27.44 


K 2 + 


3 


45.72 


Be 2 4 


2 


18.21 


27.51 


V 3 + 


4 


46.71 


Be 2 4 


2 


18.21 


28.50 


Ge3 + 


4 


45.71 


Be 2 4 


2 


18.21 


27.50 


Mo 3 4 


4 


46.40 


Be 2 4 


2 


18.21 


28.19 


Bi 3 + 


4 


45.30 


Be 2 4 


2 


18.21 


27.09 


Be 2 + 


3 


153.89 


Ne5 4 


5 


126.21 


. 27.68 


Be 2 4 


3 


153.89 


Kr 8 4 


8 


126.00 


27.89 


Be 2 4 


3 


153.89 


Mo 7 4 


7 


126.80 


27.09 


Be 3 4 


4 


217.71 


Al 6 4 


6 


190.47 


27.24 


Br 2 + 


3 


36.00 


B 1 4 


1 


8.30 


27.70 


Ce34 


4 


36.76 


B 1 4 


1 


8.30 


28.46 


CI 3 4 


4 


53.46 


B 2 + 


2 


25.15 


28.31 


Kr 3 4 


4 


52.50 


B 24 


2 


25.15 


27.35 


Rb3 4 


4 


52.60 


B 2 + 


2 


25.15 


27.45 
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B 2 + 


3 


37.93 


P 1 + 


1 


10.49 


27.44 




P 4 + 


5 


65.02 


B 3 + 


3 


37.93 


27.09 




B 2 + 


3 


37.93 


S 1 + 


1 


10.36 


27.57 




V4 + 


5 


65.23 


B 3 + 


3 


37.93 


27.30 


5 


B 2 + 


3 


37.93 


As 1 + 


1 


9.81 


28.12 




B 2 + 


. 3 


37.93 


Se 1 + 


1 


9.75 


28.18 




B 2 + 


3 


37.93 


I 1 + 


1 


10.45 


27.48 




B 2i 


3 


37.93 


Ba 2 + 


2 


10.00 


27.93 








37 93 


Ce 2 + 


2 


10.85 


27 08 


1 0 


B 2 + 


3 


37 93 


Pr 2 + 


2 


10.55 


27 38 




R 2 + 




37 Q3 


Nd 2 -i- 


2 


10 73 


27 20 




R 9 x 


o 




#111 £. t 




10 90 

1 \j . Z/\J 


97 m 




R 9 a 




**7 


rig i + 


i 

1 




97 AQ 




D O > 
O £l + 


o 


^7 




1 
1 




P7 1 ft 




DO, 


o 
J 


^7 


rid c. + 


o 

c. 








V/I C + 


o 


R 1 

J3.D 1 


P 1 . 

V-/ 1 + 


1 


1 1 PR 






7 n O , 
/.II c + 


r> 


79 


pi, 
V/ I + 


1 
1 


1 1 PR 

1 1 -CO 


9ft 4K 




Wh *\ -i- 

• >IU O T 




oo.ou 


P 1 _L 


1 
i 




97 (14 






4 




C 1 + 




1 1 .26 


27 72 


20 


Kr 3 + 


4 


52 50 


C 2 + 


2 


24.38 


28. 1 2 




Rb 3 + 


4 


52.60 


C 2 + 


2 


24.38 


28.22 




C 2 + 


3 


47.89 


P 2 + 


2 


19.73 


28.16 




Ar 4 + 


5 


75-02 


C 3 + 


3 


47.89 


27,13 




Fe 4 + 


5 


75.00 


C 3 + 


3 


47.89 


27. 1 1 


25 


Ni 4 + 


5 


75.50 


C 3 + 


3 


47.89 


27.61 




C 2 + 


3 


47.89 


Cu 2 + 


2 


20.29 


27.60 




C 2 + 


3 


47.89 


Ga 2 + 


2 


20.51 


27.38 




C 2 + 


3 


47.89 


Y 3 + 


3 


20.52 


27.37 






O 


A7 PQ 


PH 9 x 


p 




9ft /IK 


30 


C 2 + 


3 


47.89 


Ce 3 + 


3 


20.20 


27.69 




C 2 + 


3 


47.89 


Gd3 + 


3 


20.63 


27.26 




C 2 + 


O 

o 


47.89 


Au 2 + 


2 


20.50 


27.39 




C 2 + 


3 


47.89 


Tl 2 + 


2 


20.43 


27.46 




Sc4 + 


5 


91.66 


C 4 + 


4 


64.49 


27.17 


35 


C 34 


4 


64.49 


Cu 3 + 


3 


36.83 


27.66 




C 3 4 


4 


64.49 


Br 3 + 


3 


36.00 


28.49 
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C 3 + 


4 


64.49 


Kr 3 + 


3 


3695 


27.54 




C 3 + 


4 


64.49 


Cd3 + 


3 


37.48 


27.01 




C 3 + 


4 


64.49 


Te 4 + 


4 


37.41 


27.08 




C 3 + 


4 


64.49 


Ce 4 + 


4 


36.76 


27.73 


5 


Se 3 + 


4 


42.94 


N 1 + 


-1 


14.53 


28.41 




Eu3 + 


4 


42.60 . 


N 1 + 


-1 


14.53 


28.07 




Ho 3 + 


4 


42.50 


N 1 + 


1 


14.53 


27.97 




Er 3 + 


4 


42.60 


N 1 + 




14.53 


28.07 




Tm 3 + 


4 


42.70 


N 1 + 




14.53 


28.17 


1 0 


Pb 3 + 


4 


42.32 


N 1 + 


1 


14.53 


27.79 




Sr 3 + 


4 


57.00 


N 2 + 


2 


29.60 


27.40 




N 2 + 


3 


47.45 


P 2 + 


2 


19.73 


27.72 




At 4 4 


5 


75.02 


N 3 + 


3 


47.45 


27.57 




Fe 4 + 


5 


75.00 


N 3 + 


3 


47.45 


27.55 




Ni 4 + 


5 


75.50 


N 3 + 


3 


47.45 


28.05 




N 2 + 


3 


47.45 


Cu 2 + 


2 


20.29 


27.16 




N 2 + 


3 


47.45 


Pd 2 + 


2 


19.43 


28.02 




N 2 + 


3 


47.45 


I 2 + 


2 


19.13 


28.32 




N 2 + 


3 


47.45 


La 3 + 


3 


19.18 


28.27 


20 


N 2 + 


3 


47.45 


Ce 3 + 


3 


20.20 


27.25 




N 2 + 


3 


47.45 


Tl 2 + 


2 


20.43 


27.02 




N 3 + 


4 


77.47 


Cr 4 + 


4 


49.10 


28.37 




N 3 + 


4 


77.47 


As 4 + 


4 


50.13 


27.34 




N 3 + 


4 


77.47 


La 4 + 


4 


49.95 


27.52 


25 


Ne4 f 


5 


126.21 


N 5 + 


5 


97189 


28.32 




Fe 6 + 


7 


125.00 


N 5 + 


5 


97.89 


27.11 




Kr 7 + 


8 


126.00 


N 5 + 


5 


97.89 


28.11 




Nb6 + 


7 


125.00 


N 5 + 


5 


97.89 


27.11 




N 4 + 


f; 

•j 


Q7 89 


Te 6 + 

1 V T 


6 


70.70 


27.19 


30 


Ne 1 + 


2 


40.96 


O 1 + 




13.62 


27.34 




Ar 2 + 


3 


40.74 


O 1 + 




13.62 


27 12 




Sn 3 + 


4 


40.73 


O 1 + 




13.62 


27.12 




Pm 3 + 


4 


41.10 


0 1 + 




13.62 


27.48 




Sm 3 + 


4 


41 .40 


O 1 + 




13.62 


27.78 


35 


Dy 3 + 


4 


41.50 


O 1 + 




13.62 


27.88 




F 2 + 


3 


62 71 


O 2 + 


2 


35.12 


27.59 



\ 



44 



10 



15 



20 



25 



30 



35 



Ne2 + 


3 


63.45 


O 2 + 


2 


35 12 


9ft 


0 1 + 


2 


35.12 


Mg 1 + 




7 65 


97 47 

C 1 . H / 


O 1 + 


2 


35.12 


Ti 1 + 


1 


6.82 


9ft 


O 1 + 


2 


35.12 


V 1 +. 


1 


6 74 

O- / *T 


9ft O Q 


O 1 + 


2 


35.12 


Cr 1 + 


1 


6 77 


9ft 


on 


2 


35.12 


Mn 1 + 


1 


7 4^ 

» ."to 


97 £Q 

/ . bo 


O 1 + 


2 


35.12 


Fe 1 + 




7 R7 


9 7 O ^ 
C / . ^lO 


O 1 + 


2 


35.12 


Co 1 + 




7 Rf\ 
f -OO 


r>7 or* 
<i / . dO 


0 1 + 


2 


35.12 


Ni 1 + 




f .Oh 


27.48 


0 1 + 


2 


35 1? 

O O . 1 C 


Pll 1 -4- 




7 70 


27.39 


O 1 + 


2 


IS 1 2 

O O . 1 C 


ue i + 


1 


7 nr\ 

/.90 


27.22 


O 1 + 


C 


1 9 


1 + 


1 


6.84 


28.28 


O 1 + 


2 


IS 1 9 
o o . % c 


MH 1 * 


1 


O Oft 

6.88 


28.24 


O 1 + 


2 




MO 1 + 


1 


7.10 


28.02 


O 1 + 


2 
<- 


^S 1 9 
O O . Ic 


IC I + 


1 


7.28 


27.84 


O 1 + 


2 


IS 1 9 
oo . \ c 


nil I •+ 


1 


7.37 


27.75 


0 1 + 


2 


O O - 1 <c 


nil i + 


1 


7.46 


27.66 


0 1 + 


2 


35 12 

oo . i £ 


An 1 j_ 




/.58 


27.54 


O 1 + 


2 


35 12 

O O . IC 


on i + 




7 Q>1 


27.77 


0 1 + 


2 


35 12 

O O . 1 C 


1 d 1 + 




7 DO 

/.o9 


27.23 


O 1 4 


2 


35. 12 


W 1 a. 




"7 QQ 


27.14 


0 1 + 


2 


35.12 


RP 1 4- 




/ .OO 


2 /.24 


O 1 + 


2 


35.12 


Pb 1 + 




7 d9 


c f . /0 


O 1 + 


2 


35.12 
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Sp 3 + 


4 


A O OA 


be 2 + 




2 


15.93 


Sf 2 + 




'♦J, oil 


be 2 + 




2 


15.93 


Sb 3 + 


4 

*T 


/l a on 
44 . 


Ge 2 + 




2 


15.93 


Gd3 + 


A 
** 


a a nn 
4 4 »UU 


Ge 2 + 




2 


15.93 


Yb 3 + 


*# 




Ge2-f 




2 


15.93 




" ^ 
o 


34 .22 


Y 1 + 




1 


6.38 


V i. 




on 

bl .80 


Ge3 + 




3 


34.22 




q 


34.22 


Zr 1 + 






6.84 


be 2 + 


3 


34.22 


Nb 1 + 






6.88 


be 2 + 


3 


34.22 


Mo 1 + 






7.10 


be 2 + 


3 


34.22 


In 1 + 






5.79 


be 2 + 


3 


34.22 


Gd 1 + 






6.14 


be 2 + 


3 


34.22 


Tb 1 + 






5.85 


be 2 + 


3 


34.22. 


Dy 1 + 






5.93 


be 2 + 


3 


34.22 


Ho 1 + 






6.02 


be 2 + 


3 


34.22 


Er 1 + 






6.10 


be 2 + 


3 


34.22 


Tm 1 + 






6.18 


be 2 + 


3 


34.22 


Yb 1 + 






6.25 


be 2 + 


3 


34.22 


Hf 1 + 






6.60 


be 2 + 


3 


34.22 


Tl 1 + 






6.11 




J 


34.22 


Th 1 + 






6.10 


^ 4- 


J 


34.22 


Pa 1 + 






5.90 


oe ^ + 


3 


34.22 


U 1 + 






6.05 


Go 2 + 


q 


34.22 


Np 1 + 






6.20 


VJU £ + 


q 


34 .22 


Pu 1 + 






6.06 


np 9 -l 


q 

o 


34.22 


Am 1 + 






5.99 


Gp P ^ 

v— • C C "T 


q 


34.22 


Cm 1 + 






6.02 


Gp P -■. 


q 


34.22 


Bk 1 + 






6.23 


Ge 2 + 


q 


o4 . 


Cl 1 + 






6.30 


Ge2 + 


3 


34.22 


Es 1 + 






6.42 


Ge3 + 


4 


45.71 


As 2 + 


2 




18.63 


Ge3-f 


4 


45.71 


Rh2 + 


2 




18.08 


Go 3 + 


4 


45.71 


To 2 + 


2 




18.60 


Ge3 + 


4 


45.71 


Pt 2 + 


2 




18.56 


Kr 2 + 


3 


36.95 


As 1 + 


1 




9.81 


Nb3 + 


4 


38.30 


As 1 + 


1 




9.81 



27.01 

27.67 

28.27 

28.07 

27.77 

27.84 

27.58 

27.38 

27.34 

27.12 

28.43 

28.08 

28.37 

28.29 

28.20 

28.12 

28.04 

27.97 

27.62 

28.1 1 

28.12 

28.32 

28.17 

28.02 

28.16 

28.23 

28.20 

27.99 

27.92 

27.80 

27.08 

27.63 

27. 11 

27.15 

27.14 

28.49 
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Cd2 + 
Te 3 + 
Mo 3 + 
So 4 + 
Bi 4 + 
As 3 + 
Kr 5 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 4 + 
Sr 5 + 
Se 6 + 
As 5 + 
Kr 2 + 
Cd2 + 
Te 3 -t 
Ce3 + 
Te 4 + 
Rb4 + 
Se3 + 
Se3 + 
Te 5 + 
Se3 + 
Se3 + 
Se4 + 
Se4 -» 
Se 4 + 
So 4 + 
Se 5 + 
Rb2 + 
Pr 3 + 



3 
4 

4 

5 

5 
"4 

6 

4 

4 

4 

4 

4 

4 

4 

5 

6 

7 

6 

3 

3 

4 

4 

5 

5 

4 

4 

6 

4 

4 

5 

5 

5 

5 

6 . 

3 

4 



37.48 
37.41 
46.40 
56.00 
56.00 
50.13 
78.50 
50.13 
50.13 
50.13 
50.13 
50.13 
50.13 
50.13 
63.63 
90.80 
155.40 
127.60 
36.95 
37.48 
37.41 
36.76 
58.75 
71.00 
42.94 
42.94 
70.70 
42.94 
42.94 
68.30 
68.30 
68.30 
68.30 
81.70 
40.00 
38.98 



As 1 + 
As 1 + 
As 2 + 
As 3 + 
As 3 + 
Br 2 + 
As 4 + 
Zr 3 + 
Nd3 + 
Pm 3 + 
Tb 3 + 
Dy 3 + 
Ho 3 + 
Er 3 + 
Br 3 + 
As 5 4 
As 6 + 
Rb7 + 
Se 1 + 
Se 1 + 
Se 1 + 
Se 1 + 
Se 3 + 
Se 4 .+ 
Tc2 + 
Sn 2 + 
Se 4 + 
Hf 2 + 
Pb2 + 
Rb3 + 
Sn 4 + 
Nd4 + 
Pm 4 + 
In 4 + 
Br 1 + 
Br 1 + 



1 

1 

2 

3 

3 

2 

4 

3 

3 

3 

3 

3 

3 

.. 3 
3 
5 
6 
7 
1 
1 
1 
1 
3 
4 
2 

2 

4 

2 

2 

3 

4 

4 

4 

4 

1 

1 



9.81 
9.81 
18.63 
28.35 
28.35 
21.80 
50.13 
22.99 
22.10 
22.30 
21.91 
22.80 
22.84 
22.74 
36.00 
63.63 
127.60 
99.20 
9.75 
9.75 
9.75 
9.75 
30.82 
42.94 
15.26 
14.63 
42.94 
14.90 
15.03 
40.00 
40.73 
40.41 
41.10 
54.00 
11.81 
11.81 



27.67 

27.60 

27.77 

27.65 

27.65 

28.33 

28.37 

27.14 

28.03 

27.83 

28.22 

27.33 

27.29 

27.39 

27.63 

27.17 

27.80 

28.40 

27.20 

27.73 

27.66 

27.01 

27.93 

28.06 

27.60 

28.31 

27.76 

28.04 

27.91 

28.30 

27.57 

27.89 

27.20 

27.70 

28.19 

27.17 
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Tb 3 + 


4 




Dr 1 1 
or 1 + 


i 
1 


1 1.81 


La 3 + 


4 


4Q 


Dr O . 


2 


21.80 


Br 2 + 




^£ no 

O D . \J\J 


rO 1 + 


1 


8.34 


Br 2 + 






Art 1 

Ag 1 + 


1 


7.58 






ob.Uu 


Cd 1 + 


1 


8.99 


Br 2 + 






bb 1 + 


1 


8.64 


Br 2 + 


J 


Jo.UU 


l a 1 + 


1 


7.89 


Rr O , 
Dl d t 


J 


36.00 


W 1 4- 


1 


7.98 


Or 9 . 


o 
o 


36.00 


Re 1 + 


1 


7.88 


Of C + 


3 


36.00 


Os 1 + 


1 


8.70 


OT + 


3 


36.00 


Po 1 + 


1 


8.42 


Dr O 

t>r J + 


4 


47.30 


Pd2 + 


2 


19.43 


br J + 


4 


47.30 


In 2 + 


2 


18.87 


Hr 3 + 


4 


47.30 


I 2 + 


2 


19.13 


Dr 1 . 


4 


47.30 


La 3 + 


3 


19.18 


or 3 + 


4 


47,30 


Ce3 + 


3 


20.20 


Dr /f ■ 
Of 4 + 


5 


59.70 


Xe3 + 


3 


32.10 


or 4 + 


5 


59.70 


Pb3 + 


3 


31.94 


Y Pi ^ 


/ 


1 16.00 


Br 6 + 


6 


88.60 




0 


OO.60 


Mo 5 + 


5 


61.20 


• Ml O T 


*♦ 


A i m 

4 l _ i 0 


Kr 1 + 


1 


14.00 


Sm 3 + 


/i 


4 1 .4u 


Kr 1 + 


1 


14.00 


Dv 3 + 


A 
** 


4 1 . bu 


A/ _ A 

Kr 1 + 


1 


14.00 


Pb 1 4. 


4 


A O OO 

4A J^r 


Kr 1 + 


1 


14.00 


Kr 3 + 

1 \t O *T 


/I 


^ 0 cn 
b^ . DU 


Kr 2 + 


2 


24.36 


Rb 3 + 


*♦ 




Kr 2 + 


2 


24.36 


Kr 4 + 


D 


ft /I ?n 
o4 . / U 


Kr 3 + 


3 


36.95 


Kr 2 + 

• M C *r 


0 
O 


Oft oc 


Cd 1 + 


1 


8.99 


Kr 2 + 

1 \l fc_ -f 




Oft oc 


So 1 + 




8.64 


Kr 2 + 


3 


36.95 


Te 1 + 




9.01 


Kr 2 + 


3 


36.95 


Os 1 + 




8.70 


Kr 2 4 


3 


36.95 


Ir 1 + 




9.10 


Kr 2 + 


3 


36.95 


Pt 1 + 




9.00 


Kr 2 + 


3 


36.95 


Au 1 -+ 




9.23 


Kr 3 + 


4 


52.50 


Kr 2 + 


2 


24.36 


Kr3 + 


4 


52.50 


Nb3 4 


3 


25.04 



27.99 

28.15 

27.66 

28^42 

27.01 

27.36 

28.11 

28.02 

28.12 

27.30 

27.58 

27.87 

28.43 

28.17 

28.12 

27.10 

27.60 

27.76 

27.40 

27.40 

27.10 

27.40 

27.50 

28.32 

28.14 

28.24 

27.75 

27.96 

28.31 

27.94 

28.25 

27.85 

27.95 

27.73 

28.14 

27.46 
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Kr 3 4 
Kr 3 + 
Kr 3 + 
Kr 3 + 
Kr 4 + 
Y 5 + 
Kr 4 + 
Kr 4 + 
Kr 4 + 
Sr 6 + 
Kr 5 + 
Xe2 + 
Pb 2 4 
Rb2 + 
Mo 5 + 
Rb2 + 
Rb2 + 
Rb2 + 
Rb2 + 
Rb2 + 
Rb2 + 
Rb2 + 
Rb2 + 
Rb3 + 
Rb3 4 
Rb3 + 
Rb3 + 
Rb3 + 
Rb3 + 
Rb6 + 
Rb4 + 
Rb4 + 
Rb 4 + 
Rb 4 + 
Rb 4 + 
Rb5 + 



4 
4 
4 
4 

5 

6 

5 

5 

5 

7 

6 

3 

3 

3 

6 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

7 

5 

5 

5 

5 
5 
6 



52.50 
52.50 
52.50 
52.50 
64.70 
93.00 
64.70 
64.70 
64.70 
106.00 
78.50 
32.10 
31.94 
40.00 
68.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
40.00 
52.60 
52.60 
52 60 
52.60 
52.60 
52.60 
99.20 
71.00 
71.00 
71.00 
71.00 
71.00 
84.40 



Sb 3 + 
Cs 2 + 
Eu3 + 
Yb3 + 
Kr 3 + 
Kr 5 + 
Cd3 + 
Te4 + 
Ce4 + 
Kr 6 4 
Nb5 + 
Rb 1 + 
Rb 1 + 
Y 2 + 
Rb3 + 
Xe 1 + 
Gd2 + 
Tb 2 + 
Dy 2 + 
Ho 2 4 
Er 2 4 
Tm 2 4 
Yb2 4 
Nb3 4 
Sb 3 4 
Cs 2 4 
Eu 3 4 
Yb3 4 
Bi 3 4 
Rb5 + 
Sr 3 4 
Eu 4 4 
Er 4.4 
Tm 4 4 
Yb4 4 
Sr 4 f 



3 

2 

3 

3 

3 

5 

3 

4 

4 

6 

5 

1 

1 

2 
3 
1 

2 

2 

2 

2 

2 

2 

2 

3 

3 

2 

3 

3 

3 

5 

3 

4 

4 

4 

4 

4 



25.30 
25.10 
24.90 
25.03 
36.95 
64.70 
37.48 
37.41 
36.76 
78.50 
50.55 
4.18 
4.18 
12.24 
40 00 
12.13 
12.09 
1 1.52 
11.67 
11.80 
1 1 .93 
12.05 
12.18 
25.04 
25.30 
25.10 
24.90 
25.03 
25.56 
71.00 
43.60 
42.60 
42.60 
42.70 
43.70 
57.00 



27.20 

27.40 

27.60 

27.47 

27.75 

28.30 

27.22 

27.29 

27.94 

27.50 

27.95 

27.92 

27.76 

27.76 

28.00 

27.87 

27.91 

28.48 

28.33 

28.20 

28.07 

27.95 

27.82 

27.56 

27.30 

27.50 

27.70 

27.57 

27.04 

28.20 

27.40 

28.40 

28.40 

28.30 

27.30 

27.40 
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Rb5 + 
Rb5 + 
Rb6* 
Rb6 + 
Mo 6 + 
Rb7 + 
Pd2 + 
I 2 + 
H»3 + 
Nb3 + 
Pr 3 + 
Sr 4 + 
Sr 2 + 
Sr 2 + 
Sr 2 + 
Te 5 + 
Sr 3 + 
Sr 3 + 
Sr 4 + 
Sr 4 
Sr 4 
Sr 4 + 
Zr 3 + 
Ag 2 + 
Hg2 + 
Sn 3 + 
Nd3 + 
Tb 3 + 

Y 3 + 

Y 3 + 

Y 3 + 

Y 4 + 

Y 6 + 
Zr 3 + 
Ag 2 + 
Hg2 + 



+ 
+ 



6 
6 
7 
7 
7 
8 
: 3 
3 
4 
4 
4 
5 
3 
3 
3 
6 
4 
4 
5 
5 
5 
5 
4 
3 
3 
4 
4 
4 
4 
4 
4 
5 



84.40 
84.40 
99.20 
99.20 
126.80 
136.00 
32.93 
33.00 
33.33 
38.30 
38.98 
71.60 
43.60 
43.60 
43.60 
70.70 
57.00 
57.00 
71.60 
71.60 
71.60 
71.60 
34.34 
34.83 
34.20 
40.73 
40.41 
39.80 
61.80 
61.80 
61.80 
77.00 
116.00 
34.34 
34.83 
34.20 



Sb 5 + 
Bi 5 + 
Rb5 + 
Sr 5 + 
Rb 7 + 
Sb 6 + 
Sr 1 + 
Sr 1 + 
Sr 1 + 
Sr 2 + 
Sr 2 + 
Sr 3 + 
Mo 2 + 
Tc 2 + 
Sb 2 + 
Sr 3 + 
Tc 3 + 
T! 3 + 
Sr 3 + 
Sb 4 + 
Gd4 + 
Yb4 + 

Y 1 + 

Y 1 + 

Y 1 + 

Y 2 + 

Y 2 + 

Y 2 + 

Zr 4 + 

H< 4 + 

Hg3 + 

La 4 + 
Bi 6 + 
Zr 1 + 
Zr 1 + 
Zr 1 + 



5 
5 
5 
5 
7 
6 
1 



1 
1 

2 
2 
3 
2 
2 
2 
3 
.3 
3 
3 
4 
4 
4 
1 
1 
1 
2 
2 
2 
4 
4 
3 
4 
6 
1 
1 
1 



56.00 
56.00 
71.00 
71.60 
99.20 
108.00 
5.70 
5.70 
5.70 
11.03 
11.03 
43.60 
16.15 
15.26 
16.53 
43.60 
29.54 
29.83 
43.60 
44.20 
44.00 
43.70 
6.38 
6.38 
6.38 
12.24 
12.24 
12.24 
34.34 
33.33 
34.20 
49.95 
88.30 
6.84 
6.84 
6.84 



28.40 

28.40 

28.20 

27.60 

27.60 

28.00 

27.24 

27.31 

27.64 

27.27 

27.95 

28.00 

27.45 

28.34 

27.07 

27.10 

27.46 

27.17 

28.00 

27.40 

27.60 

27.90 

27.96 

28.45 

27.82 

28.49 

28.17 

27.56 

27.46 

28.47 

27.60 

27.05 

27.70 

27.50 

27.99 

27.36 
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Sn 3 + 


4 


40.73 


Zr 2 + 


2 


13.13 


27.60 




Nd3 + 


4 


40.41 


Zr 2 + 


. 2 


13.13 


27.28 




Pm 3 + 


4 


41.10 


Zr 2 + 


2 


13.13 


27.97 




Sm3 + 


4 


41.40 


Zr 2 + 


2 


13.13 


28.27 


5 


Dy3 + 


4 


41.50 


Zr 2 + 


2 


13.13 


28.37 




Nb4 + 


-5 


50.55 


Zr 3 + 


3 


22.99 


27.56 




Zr 3 + 


4 


34.34 


Zr 1 + 


1 


6.84 


27.50 




Zr 3 + 


4 


34.34 


Nb 1 + 


! 


6.88 


27.46 




Zr 3 + 


4 


34.34 


Mo 1 + 




7.10 


27.24 


10 


Zr 3 + 


4 


34.34 


Tc 1 + 


1 


7.28 


27 OR 




Zr 3 + 


4 


34.34 


Gd 1 + 




6.14 


PR 90 




Zr 3 + 


4 


34.34 


Tb 1 + 










Zr 3 + 


4 


34.34 


Dy 1 + 


1 




9ft A 1 


15 


Zr 3 + 


4 


34.34 


Ho 1 + 


1 


6 09 


OQ TO 


Zr 3 + 


4 


34.34 


Er 1 + 


1 


6 10 


OR O/l 




Zr 3 + 


4 


34.34 


Tm 1 + 




6 18 


9ft 1 £ 
£t>. I D 




Zr 3 + 


4 


34.34 


Yb 1 + 


1 


£ 9*; 


OQ r\ ft 




Zr 3 + 


4 


34.34 


Hf 1 + 


1 


6.60 


CI.*** 


20 


Zr 3 + 


4 


34.34 


Tl 1 + 


1 


6.1 1 


2ft 91 


Zr 3 * 


4 


34.34 


Bi 1 + 




7.29 


27 




Zr 3 + 


4 


34.34 


Tb 1 + 




6.10 






Zr 3 + 


4 


34.34 


Pa 1 + 




5.90 


28.44 




Zr 3 + 


4 


34.34 


U 1 + 


1 


6.05 


28 29 


25 


Zr 3 4 


4 


34.34 


Np 1 +• 




6.20 


28.14 


Zr 3 + 


4 


34.34 


Pu 1 + 




6.06 


28.28 




Zr 3 + 


4 


34.34 


Am 1 + 


1 


5.99 


28.35 




Zr 3 + 


4 


34.34 


Cm 1 + 


1 


6.02 


?ft 39 

c o . o c 




Zr 3 + 


4 


34.34 


Bk 1 + 




6.23 


28.1 1 


30 


Zr 3 + 


4 


34.34 


Cf 1 + 




6.30 


28.04 


Zr 3 + 


4 


34.34 


Es 1 + 




6.42 


27.92 




Zr 4 + 


5 


81.50 


In 4 + 




54.00 


27.50 




Ag2 + 


3 


34.83 


Nb 1 + 




6.88 


27.95 




Hg2 + 


3 


34.20 


Nb 1 + 




6.88 


27.32 


35 


Sm 3 + 


4 


41.40 


Nb2 + 


2 


14.32 


27.08 


Eu3 + 


4 


42.60 


Nb2 + 


2 


14.32 


28.28 




Dy 3 + 


4 


41.50 


Nb2 + 


2 


14.32 


27.18 
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Ho 3 + 
Er 3 + 
Tm 3 + 
Pb3 + 
No 3 + 
Nb 3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb3 + 
Nb4 + 
Nb4-f 
Nb4 + 
Nb4 + 
Nb4 + 
Nb4 + 
Nb4 + 
Mo ? + 
Ag 2 + 
Hg2 + 
Sb3 + 
Gd 3 + 
Yb3 + 
Mo 3 + 
Mo 3 + 
Mo 3 + 
Mo 3 + 
Mo 3 + 
Mo 3 + 
Mo 3 + 



4 

4 
4 
4 
4 
4 
' 4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 

8 ■ 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



42.50 
42.60 
42.70 
42.32 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
38.30 
50.55 
50.55 
50.55 
50.55 
50.55 
50.55 
50.55 
153.00 
34.83 
. 34.20 
44.20 
44.00 
43.70 
46.40 
46.40 
46.40 
46.40 
46.40 
46.40 
46.40 



Nb2 + 
Nb2 + 
Nb2 + 
Nb2 + 
I 1 + 
Ba 2 + 
La 2 + 
Ce2 + 
Pr 2 + 
Nd2 + 
Pm 2 + 
Sm 2 + 
Eu2 + 
Hg 1 + 
Rn 1 + 
Ra 2 + 
Nd3 + 
Pm 3 + 
Sm 3 + 
Dy 3 + 
Ho 3 + 
Er 3 + 
Hf 3 + 
Nb 7 + 
Mo 1 + 
Mo 1 + 
Mo 2 + 
Mo 2 + 
Mo 2 + 
Rh2 + 
in 2 + 
Te 2 + 
I 2 + 
La 3 + 
Pi 2 + 
Hg2 + 



2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
3 
3 
3 
3 
3 
3 
3 
7 
1 
1 

2 

2 

2 

2 

2 

2 

2 

3 

2 

2 



14.32 
14.32 
14.32 
14.32 
10.45 
10.00 
11.06 
10.85 
10.55 
10.73 
10.90 
11.07 
11.24 
10.44 
10.75 
10.15 
22.10 
22.30 
23.40 
22.80 
22.84 
22.74 
23.30 
125.00 
7.10 
7.10 
16.15 
16.15 
16.15 
18.08 
18.87 
18.60 
19.13 
19.18 
18.56 
18.76 



28.18 

28.28 

28.38 

28.00 

27.85 

28.30 

27.24 

27.45 

27.75 

27.57 

27.40 

27.23 

27.06 

27.86 

27.55 

28.15 

28.45 

28.25 

27 15 

27.75 

27.71 

27.81 

27.25 

28.00 

27.73 

27.10 

28.05 

27.85 

27.55 

28.32 

27.53 

27.80 

27.27 

27.22 

27.84 

27 64 
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Mo 4 + 5 

Mo 4 + 5 

Mo 4 + 5 

Bi 5 + 6 

5 Mo 5 + 6 

Mo 5 + '6 

Mo 5+ 6 

Ag 2 + 3 

Eu3 + 4 

10 Ho 3 + 4 



Er 3 + 


4 


Tm 3 + 


4 


Yb 3 + 


4 


Pb3 + 


4 


Ag 2 + 


3 


So 3 + 


4 


Gd3 + 


4 


Lu 3 + 


4 


Sb4 + 


5 


Bi 4 + 


5 


Ag 2 + 


3 


Lu 3 + 


4 


Bi 3 + 


4 


Te 4 + 


5 


Rh2 + 


3 


Ce 3 + 


4 


Pd 2 + 


3 


Pd2 + 


3 


Pd2* 


3 


Pd2 + 


3 


Pd2 + 


3 


Pd 2 + 


3 


Pd2 + 


3 


Pd 2 + 


3 


Pd 2 + 


3 


Pd 2 4 


3 



a. 1 on 


rd 3 + 


£ 1 on 


I 3 + 


£ 1 OA 

o 1 .cKj 


til A 

Hi 4 + 


q Q on 
ooJU 


Mo 5 + 


bo. 00 


Sn 4 -f 


68.00 


Nd 4 + 


68.00 


Tb 4 + 


34.83 


Tc 1 + 


42.60 


Tc 2 + 


42.50 


Tc 2 + 


42.60 


Tc 2 + 


42.70 


Tc 2 + 


43.70 


Tc 2 + 


42.32 


Tc 2 + 


34.83 


Ru 1 + 


44.20 


Ru 2 + 


44.00 


Ru2 + 


45.19 


Ru 2 + 


56.00 


Ru 3 + 


56.00 


Ru 3 + 


34.83 


Rh 1 + 


45.19 


Rh 2 + 


45.30 


Rh 2 + 


58.75 


Rh 3 + 


31 .06 


Cs 1 + 


36.76 


Pd 1 + 


32.93 


In 1 + 


32.93 


Ba 1 + 


32.93 


La 1 + 


32.93 


Ce 1 + 


32.93 


Pr 1 + 


32.93 


Nd 1 + 


32.93 


Pm 1 + 


32.93 


Sm 1 + 


32.93 


Eu 1 + 


32.93 


Tb 1 + 



o 


32.93 


28.27 


o 
o 


33.00 


28.20 


A 

4 


33.33 


27.87 


5 


61 .20 


27.10 


A 

4 


40.73 


27.27 


4 


40.41 


27.59 


4 


39.80 


28.20 


1 


7.28 


27.55 


2 


15.26 


27.34 


2 


15.26 


27.24 


2 


15.26 


27.34 


2 


15.26 


27.44 


2 


15.26 


28.44 


2 


15.26 


27.06 


1 


7.37 


27.46 


2 


16.76 


27.44 


2 


16.76 


27.24 


2 


16.76 


28.43 


3 


28.47 


27.53 


3 


28.47 


27.53 


1 


7.46 


27.37 


2 


18.08 


27.1 1 


2 


18.08 


27.22 


3 


31 .06 


27.69 




3.89 


27.17 




8.34 


28.42 




5.79 


27.14 




5.21 


27.72 




5.58 


27.35 




5.47 


27.46 




5.42 


27.51 




5.49 


27.44 




5.55 


27.38 




5.63 


27.30 




5.67 


27.26 




5.85 


27.08 
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Pd2 ♦ 


3 


32.93 


Dy 1 + 1 


5 93 




Pd2 + 


3 


32.93 


Lu 1 + 1 






Pd2 + 


3 


32.93 


Ra 1 + 1 


5 28 




Pd2 + 


3 


32.93 


Ac 1 + 1 


5 20 


5 


Pd2 + 


3 


32.93 


Pa 1 + 1 


5 QO 




Ag2 + 


3 


34.83 


Aq 1 + 1 


7 ^ft 
/ -3t> 




La 3 + 


4 


49.95 


An P -l o 


^1 .49 




Ag2 + 


3 


34.83 


An 1 + 1 


/ .Do 


10 


Ag2 + 


3 


34.83 


So 1 + i 


7 ^yf 
/-Oh 


Ag2 + 


3 


34.83 


Hf 1 + 1 


D.OU 




Ag2 + 


3 


34.83 


Pb 1 + 1 


7 AO 




Ag 2 + 


3 


34 83 


Dl 1 + | 


7.29 




Ag 2 + 


3 


34.83 




6.42 


15 


Cd2 + 


3 


37.48 


Cri 1 j. 1 


8.99 


Te 3 + 


4 


37.41 


PH i . « 
I + 1 


8.99 




Ce3 + 


4 


36.76 


Cri 1 -i 1 


8.99 




Sb3 + 


4 


44 20 




16.91 




Gd3 + 


4 


44.00 




i 6.91 


20 


Lu 3 + 


4 


45.19 


Cd 2 + 2 




Bi 3 + 


4 


45.30 


Cd 2 4- 2 


1 R Q 1 




Cd2 + 


3 


37.48 


Cd 1 + 1 


8 QQ 




Cd2 + 


3 


37.48 


Tp 1 , 1 

i v It 1 


y.oi 




Cd2 + 


3 


37.48 


11+ 1 


1 


25 


Cd2 + 


3 


37.48 


Ba 2 + 2 


1 n on 


Cd 2 + 


3 


37.48 


ir 1 + 1 






Cd2 + 


3 


37.48 


Pt 1 + 1 


Q nn 




Cd2 + 


3 


37.48 


Am 1 j. 1 


y.23 




Cd2 + 


3 


37.48 






30 


Cd2 + 


3 


37.48 


Ra2+ 2 


10.15 


1 2 + 


3 


33.00 


in 1 + 1 


5.79 




Hf 3 + 


4 


33.33 


In 1 + 1 


5.79 




Hg2 + 


3 


34.20 


In 1 + 1 


5.79 




Sb4 + 


5 


56.00 


In 3 + 3 


28.03 


35 


Bi 4 + 


5 


56.00 


In 3 + 3 


28.03 


In 3 + 


4 


54.00 


Bi 3 + 3 


25.56 




Eu3 4 


4 


42.60 


Sn 2+ 2 


14.63 



27.00 

27.50 

27.65 

27.73 

27.03 

27.25 

28.46 

27.25 

27.49 

28.23 

27.41 

27.54 

28.41 

28.49 

28.42 

27.76 

27.29 

27.09 

28.28 

28.39 

28.49 

28.47 

27.03 

27.48 

28.38 

28.48 

28.25 

27.04 

27.33 

27.21 

27.54 

28.41 

27.97 

27.97 

28.44 

27.97 
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5 



10 



1 5 



Ho 3 + 


4 


42.50 


Er 3 + 


4 


42.60 


Tm 3 + 


4 


42.70 


Pb3 + 


4 


42 32 


Te 4 + 


5 


58 75 


Pb4 + 


«5 


68.80 


Sn 4 + 


• 5 


72 2ft 


Sn 4 + 


5 


72 9ft 
* ceo 


Sn 4 + 


5 


72 9ft 


Ce 3 + 


4 


OO, / D 


Sb 3 + 


4 


d.4 on 


Gd 3 + 


H 


>l >! Aft 

44.00 


Yb3 + 


4 


43.70 


Sb3 + 


4 


44.20 


Sb 3 + 


4 


44.20 


Sb4 + 


5 


56.00 


Te 3 + 


4 


37.41 


Ce3 + 


4 


36.76 


Bi 4 + 


5 


56.00 



20 



25 



30 



35 



Te 3 + 


4 


37.41 


Te 3 + 


4 


37.41 


Te 3 + 


4 


37.41 


Te 3 + 


4 


37.41 


Te 3 + 


4 


37.41 


Te 3 + 


4 


37.41 


Te 5 + 


6 


70.70 


Te 5 + 


6 


70.70 


Te 5 + 


6 


70.70 


Te 5 + 


6 


70.70 


Te 5 + 


6 


70.70 


1 2 + 


3 


33.00 


1 2 + 


3 


33.00 


1 2 + 


3 


33.00 


1 2 + 


3 . 


33.00 


I 2 + 


3 


33.00 


I 2 + 


3 


33.00 



Sn 2 + 


? 


14 CO 


27.87 


Sn 2 + 


0 
c 


14 CO 
i H.OO 


27.97 


Sn 2 + 


? 


1/1 CO 

» 4.bJ 


28.07 


on £ + 


o 

c. 


1 4.63 


27.69 


Oil o + 


O 

o 


30.50 


28.25 


9n A a. 




40.73 


28.07 


QK A , 

\JU ** + 


*? 


44.20 


28.08 




4 


44.00 


28.28 


f it 4 j 


4 


45.19 


27.09 


oD 1 4 


1 


8.64 


28.12 


QK 9 . 
oD ^ + 


2 


16.53 


27.67 


oD Z + 


2 


16.53 


27.47 


Ok v-v 


2 


16.53 


27.17 


Ok o 


2 


16.53 


27.67 


Dl 2 + 


2 


16.69 


27.51 


le 3 + 


3 


27.96 


28.04 


ie 1 -f 


1 


9.01 


28.40 


ie i + 


1 


9.01 


27.75 


I 8 J + 


3 


27.96 


28.04 


To 1 , 


1 


9.01 


28.40 






10.00 


27.41 


• 11 + 


i 
1 


9.10 


28.31 


Pt 1 + 


1 


y.uo 


28.41 


Au 1 + 




Q OO 


28.18 


Rn 9 -4- 


9 


10.15 


27.26 


Eu 4 + 


4 


4 9 fin 


28. 10 


Ho 4 + 


/I 


/I O en 
4^ 50 


28.20 


Pr 4 j_ 

L-l *t + 


>i 
*1 


42.60 


28.10 


Tm /I i 

'III H + 


,4 
H 


42.70 


28.00 


Pb4 + 


4 


42.32 


28.38 


Ba 1 + 




521 


27.79 


La 1 + 




5.58 


27.42 


Ce 1 + 




5.47 


27.53 


Pr 1 + 




5 42 


27.58 


Nd 1 + 




5.49 


27.51 


Pm 1 + 




5.55 


27.45 
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I 2 + 
I 2 + 
I 2 + 
I 2 + 
I 2 + 
I 2 + 
I 2 + 
J 2 + 
I 2 + 
Nd3 + 
Tb3 + 
Xe2 + 
Pb2 + 
Hf 3 + 
Hf 3 + 
Pr 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
La 3 + 
Hf 3 + 
Pr 3 + 
Ce3 + 
Ce 3 + 
Ce3 + 
Ce3 + 
Ce3 + 
Hf 3 + 
Pr 3 + 
Pr 3 + 
Pr 3 + 
Pr 3 + 
Pr3 + 



3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

33.00 

40.41 

39.80 

32.10 

31.94 

33.33 

33.33 

38.98 

49.95 

49.95 

49.95 

49.95 

49.95 

49.95 

49.95 

33.33 

38.98 

36.76 

36.76 

36.76 

36.76 

36.76 

33.33 

38.98 

38.98 

38.98 

38.98 

38.98 



Sm 1 + 
Eu 1 + 
Tb 1 + 
Oy 1 + 
Lu 1 + 
Ra 1 + 
Ac 1 + 
Pa 1 + 
Am 1 + 
Xe1 + 
Xe 1 + 
Cs 1 + 
Cs 1 + 
Ba 1 + 
La 1 + 
La 2 + 
Pr 3 + 
Nd3 + 
Pm 3 + 
Tb 3 + 
Dy 3 + 
Ho 3 + 
Er 3 + 
Ce 1 + 
Ce 2 + 
Os 1 + 
lr 1 + 
Pt 1 + 
Au 1 + 
Po 1 + 
Pr 1 + 
Pr 2 + 
Pr 2 + 
Nd2 + 
Pm 2 ♦ 
Sm 2 + 



2 
3 
3 
3 
3 
3 
3 
3 
1 

2 



2 
2 
2 
2 
2 



5.63 
5.67 
5.85 
5.93 
5.43 
5.28 
5.20 
5.90 
5.99 
12.13 
12.13 
3.89 
3.89 
5.21 
5.58 
11. 06 
21.62 
22.10 
22.30 
21.91 
22.80 
22.84 
22.74 
5.47 
10.85 
8.70 
9.10 
9.00 
9.23 
8.42 
5.42 
10.55 
10.55 
10.73 
10.90 
11.07 



27.37 

27.33 

27.15 

27.07 

27.57 

27.72 

27.80 

27.10 

27.01 

28.28 

27.67 

28.21 

28.04 

28.12 

27.75 

27.92 

28.33 

27.85 

27.65 

28.04 

27.15 

27. 11 

27.21 

27.86 

28.13 

28.06 

27.66 

27.76 

27.53 

28.34 

27.91 

28.43 

28.43 

28.25 

28.08 

27.91 
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5 



10 



15 



20 



25 



Pr 3 + 


4 


38.98 


Pr 3 + 


4 


38.98 


Pr 3 + 


4 


38 98 


Pr 3 + 


4 


38.98 


Pr 3 + 


4 


38 Qfl 


Pr 3 + 


« 4 


JO. jO 


Hf 3 + 


- 4 




Nd 3 + 


4 




Nd3 + 


4 




Nd 3 + 


4 




Nd 3 + 


4 


**U.4 J 


Pb 4 * 


c 
D 


DO . 80 




4 


33.33 


f til o + 


A 


41.10 


Ph 4 -t. 

1 T T 


c 


68.80 


HI J + 


H 


33.33 


Sm 1 a. 

Will \J "f- 


/4 


4 1 .40 


Ph4 x 

1 U M t 




68.80 


Hf 3 4 


4 


33.33 


Eu 3 4 


4 


42.60 


Eu3 + 


4 


42.60 


Hf 3 + 


4 


33.33 


Hg2 + 


3 


34.20 


Tb 3 + 


4 


39.80 


Gd3 + 


4 


44.00 



30 



35 



Hf 3 + 


4 


33.33 


Hg2 + 


3 


34.20 


Tb3 + 


4 


39.80 


Tb3 + 


4 


39.80 


Tb3 + 


4 


39.80 


Tb3 + 


4 


39.80 


Tb 3 + 


4 


39.80 


Tb3 + 


4 


39.80 


Tb3 + 


4 


39.80 


Hf 3 + 


4 


33.33 


Hg2 + 


3 


34.20 



Eu 2 + 


c 


1 1 O/i 

I 1 .4^4 


27.74 


Tb 2 + 


p 




27.46 


Dv 2 + 


p 


11 C "7 


27.31 


Ho 2 + 


p 


1 1 OA 


27.18 


Er 2 + 


P 


1 1 QO 


27.05 


Rn 1 4- 


1 


1 0. fb 


28.23 




1 


5.49 


27.84 




o 
c 


12.09 


28.32 




2 


1 1.93 


28.48 




2 


12.05 


28.36 




*-> 
2 


12.18 


28.23 


4 4 


4 


40.41 


28.39 


Dm -1 

rlH 1 + 


1 


5.55 


27.78 


Lu 2 4- 


2 


13.90 


27.20 


Pm 4 + 


4 


41.10 


27.70 


Sm 1 + 


1 


5.63 


27.70 


Lu 2 + 


2 


13.90 


27.50 


Sm 4 + 


4 


41.40 


27.40 


Eu 1 + 


1 


5.67 


27.66 


Hf 2 + 


2 


14.90 


27.70 


Pb 2 + 


2 


15.03 


27.57 



Gd 1 + 


1 


6.14 


27.19 


Gd 1 4- 


1 


6.14 


28.06 


Gd2 + 


2 


12.09 


27.71 


Bi 2 + 


2 


16.69 


27.31 


Tb 1 + 


1 


5.85 


27.48 


Tb 1 4- 


1 


5.85 


28.35 


Tb 2 + 


2 


1 1.52 


28.28 


Tb 2 4 


2 


1 1.52 


28.28 


Dy 2 + 


2 


11.67 


28.13 


Ho 2 4 


2 


1 1.80 


28.00 


Er 2 + 


2 


11.93 


27.87 


Tm 2 4 


2 


12.05 : 


27.75 


Yb2 + 


2 


12.18 


27.62 


Dy 1 4 


1 


5.93 


27.40 


Dy 1 + 


1 


5.93 


28.27 
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4 

5 

4 

3 

4 

4 

4 

3 

1 

I 



41 .50 


Lu 2 + 


2 


OO.80 


Dy 4 + 


4 


oo.33 


Ho 1 + 


1 


34.20 


Hoi + 


1 


42.50 


Hf 2 + 


2 


42.50 


Pb2 + 


2 


33.33 


Er 1 + 


1 


34.20 


Er 1 + 


1 


42.60 


Hf 2 + 


2 


42.60 


Pb2 + 


2 


33.33 


Tm 1 + 


1 


34.20 


Tm 1 + 


1 


42.70 


Hf 2 + 


2 


. 42.70 


Pb2 + 


2 


33.33 


Yb 1 + 


1 


34.20 


Yb 1 + 


1 


43.70 


8i 2 + 


2 


33.33 


Lu 1 + 


1 


42.32 


Lu 2 + 


2 


45.19 


Bi 2 + 


2 


34.20 


Hf 1 + 


1 


42.32 


Hf 2 + 


2 


33.33 


Tl 1 + 


1 


33.33 


Ra 1 + 


1 


33.33 


Ac 1 + 


1 


33.33 


Th 1 + 


J 


33.33 


Pa 1 + 


1 


33.33 


U 1 + 


1 


33.33 


Np 1 + 1 


33.33 


Pu 1 + 1 


33.33 


Am 1 + i 


33.33 


Cm 1 + i 




33.33 


8k 1 + 1 




33.33 


Cf 1 + 1 




34.20 


Tl 1 + \ 




34.20 


Th 1 + ! 





13.90 
41.50 
6.02 
6.02 
14.90 
15.03 
6.10 
6.10 
14.90 
15.03 
6.18 
6.18 
14.90 
15.03 
6.25 
6.25 
16.69 
5.43 
13.90 
16.69 
6.60 
14.90 
6.11 
5.28 
5.20 
6.10 
5.90 
6.05 
6.20 
6.06 
5.99 
6.02 
6.23 
6.30 
6.11 
6.10 



27.60 

27.30 

27.31 

28.18 

27.60 

27.47 

27.23 

28.10 

27.70 

27.57 

27.15 

28.02 

27.80 

27.67 

27.08 

27.95 

27.01 

27.90 

28.42 

28.50 

27.60 

27.42 

27.22 

28.05 

28.13 

27.23 

27.43 

27.28 

27.13 

27.27 

27.34 

27.31 

27.10 

27.03 

28.09 

28.10 
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n = 



Hg 2 + 


3 


34.20 


Pa 1 
rd I + 


1 


5.90 


28.30 


Hg2 + 


3 


34 20 


I ( 1 j 
U I + 


1 


6.05 


28.15 


Hg2 + 


3 




INp 1 + 


1 


6 20 


28.00 


Hg2 + 


3 


34.20 


Pll 1 + 




d.Uo 


28.14 


Hg2 + 


3 


34.20 


Am 1 + 




5.99 


28.21 


Hg 2 + 


; 3 


34.20 


Cm 1 + 




6.02 


28.18 


Hg2 + 


3 


34.20 


Bk 1 + 




6.23 


27.97 


Hg2 + 


3 


34.20 


Cf 1 + 




6.30 


27.90 


Hg2 + 


3 


34.20 


Es 1 + 




6.42 


27.78 


Pb3 + 


4 


42.32 


Pb2 + 


2 


15.03 


27.29 


Pb3 + 


4 


42.32 


Pb2 + 


2 


15.03 


27.29 


16 (resonance shrinkage 


energy is given 




27.21 eV; 


with n = 16, 



Atom 
Oxidiz- 
ed 

Ne 7 + 
A! 6 + 
Mg 6 + 
P 5 + 
B 4 ♦ 
Mg 6 + 
Ne 7 -t 
Mg 6 + 
Al 6 + 
B 3 + 
B 3 + 

B 3 + 

B 3 + 

B 3 + 

B 3 + 

B 3 + 

B 3 

B 3 



+ 
+ 



8 

7 

7 

6 

5 

7 

8 

7 

7 

4 

4 

4 

4 

4 

4 

4 

4 

4 



nth Ion- 
ization 
Energy 
(eV) 
239.09 
241.43 
224.94 
220.43 
340.22 
224.94 
239.09 
224.94 
241.43 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 



Atom 

Reduced 



He 1 + 
He 1 + 
Li 1 + 
Li 1 + 
Li 3 + 
Be 1 + 
Be 2 + 
B 1 + 
B 2 + 
Ne2 + 
Si 4 + 
CI 3 + 
Ar 3 + 
Ti 4 + 
Zn 3 + 
Se 4 + 
Rb3 + 
Sr 3 + 



1 
1 
1 
1 

3 
1 
2 
1 

2 

2 

4 

3 

3 

4 

3 

4 

3 

3 



nth Ion- 
ization 
Energy 
(eV) 
24.59 
24.59 
5.39 
5.39 
122.45 
9.32 
18.21 
8.30 
25.15 
40.96 
45.14 
39.61 
40.74 
43.27 
39.72 
42.94 
40.00 
43.60 



Energy 
Hole 
(eV) 

214.50 

216.84 

219.55 

215.04 

217.77 

215.62 

220.88 

216.64 

216.28 

218.41 

214.23 

219.76 

218.63 

216 10 

219.65 

216.42 

219.37 

215.77 
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B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 4 + 
B 4 + 
81 + 
B 4 + 
B 4 + 
B 4 + 
B 4 + 
B 4 + 
B 4 + 
Ne 7 + 
Al 6 + 
Na7 + 
Mg 7 + 
P 6 + 
Al 7 + 
S 6 + 
C 4 + 

C 4 4 
C 4 4 



4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

8 

7 

8 

8 

7 

8 

7 

5 . 

5 

5 



259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

259.37 

340.22 

340.22 

340.22 

340.22 

340.22 

340.22 

340.22 

340.22 

340.22 

239.09 

241.43 

264.18 

265.90 

263.22 

284.59 

280.93 

392.08 

392.08 

392.08 



Sn 4 + 
Sb 4 +■ 
Pr 4 + 
Nd4 + 
Pm 4 + 
Sm 4 + 
Eu4 + 
Gd4 + 
Tb4 + 
Dy 4 + 
Ho 4 + 
Er 4 + 
Tm 4 4 
Yb4 4 
Lu 4 4- 
Pb4 + 
Bi 4 
Ne 5 
Al 4 + 
Ar 7 4 
Ti 6 + 
Mn 7 4 
Fe 7 4 
Kr 8 + 
Sr 8 4 
Nb 7 + 
C 2 + 
C 2 + 

3 4 
3 4 

3 4 

4 4 
4 4 



4 
4 



4 
4 
4 
4 
4 
4 
4 
4 



C 
C 
C 
C 
C 



Na 6 
V 8 
In 8 



4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
7 
6 
7 
7 
8 
8 
7 
2 
2 
3 
3 
3 
4 
4 
6 
8 
8 



40.73 
44.20 
38.98 
40.41 
41.10 
41.40 
42.60 
44.00 
39.80 
41.50 
42.50 
42.60 
42.70 
43.70 
45.19 
42.32 
45.30 
126.21 
1 19.99 
124.32 
1 19.36 
1 19 27 
125.00 
126.00 
122.30 
125.00 
24.33 
24.38 
47.89 
47.89 
47.89 
64.49 
64.49 
172.15 
173.70 
1 74.00 



218.63 

215.17 

220.39 

218.96 

218.27 

217.97 

216.77 

215.37 

219.57 

217.87 

216.87 

216.77 

216.67 

215.67 

214.18 

217.05 

214.07 

214.01 

220.23 

215.90 

220.86 

220.95 

215.22 

214.22 

217.92 

215.22 

214.71 

217.05 

216.29 

218.01 

215.33 

220.10 

216.44 

219.93 

218.38 

218.08 



79 



Hg2 + 


3 


34.20 


Pa 1 + 


Hg2 + 


3 


34.20 


U 1 + 


Hg2 + 


3 


34.20 


Np 1 + 


Hg2 + 


3 


34.20 


Pu 1 + 


Hg2 + 


3 


34.20 


Am 1 + 


Hg2 + 


: 3 


34.20 


Cm 1 + 


Hg2 + 


3 


34.20 


Bk 1 + 


Hg2 4 


3 


34.20 


Cf 1 + 


Hg2 + 


3 


34.20 


Es 1 + 


Pb3 + 


4 


42.32 


Pb2 + 


Pb3 + 


4 


42.32 


Pb2 + 



2 
2 



n = 16 (resonance shrinkage energy is given by j 
resonance shrinkage energy is 217.68) 

Atom 
Reduced 



5.90 
6.05 
6.20 
6.06 
5.99 
6.02 
6.23 
6.30 
6.42 
15.03 
15.03 



28.30 

28.15 

28.00 

28:14 

28.21 

28.18 

27.97 

27.90 

27.78 

27.29 

27.29 



27.21 eV; with n = 16, 



Atom 
Oxidiz 
ed 



Ne 7 + 
Al 6 + 
Mg 6 + 
P 5 + 
B 4 + 
Mg 6 + 
Ne 7 + 
Mg 6 + 
Al 6 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
9 3 + 
B 3 + 
B 3 ♦ 



8 

7 

7 

6 

5 

7 

8 

7 

7 

4 

4 

4 

4 

4 

4 

4 

4 

4 



nth Ion- 
ization 
Energy 
(eV) 
239.09 
241.43 
224.94 
220.43 
340.22 
224.94 
239.09 
224.94 
241.43 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259 37 



n 



He 1 + 
He 1 + 
Li 1 + 
Li 1 + 
Li 3 + 
Be 1 + 
Be 2 + 
B 1 + 
B 2 + 
Ne2 + 
Si 4 + 
CI 3 + 
Ar 3 4 
Ti 4 + 
Zn 3 + 
Se 4 + 
Rb3 + 
Sr 3 + 



1 
1 
1 
1 
3 
1 

2 
1 

2 
2 

4 

3 

3 

4 

3 

4 

3 

3 



nth Ion- 
ization 
Energy 
(eV) 
24.59 
24.59 
5.39 
5.39 
122.45 
9.32 
18.21 
8.30 
25.15 
40.96 
45.14 
39.61 
40.74 
43.27 
39.72 
42.94 
40.00 
43 60 



Energy 
Hole 
(eV) 

214.50 
216.84 
219.55 
2J5.04 
217.77 
215.62 

220:08 

216.64 

216.28 

218.41 

214.23 

219.76 

218.63 

216.10 

219.65 

216.42 

219.37 

215.77 



81 





Si 6 + 


7 


246.52 




Na7 + 


8 


264.18 




Mg7 + 


8 


265.90 




P 6 + 


7 


263.22 


5 


S 7 + 


8 


328.23 




F 7 + 


j8 


953.89 




S 6 + 


.7 


280.93 




Si 7 + 


8 


303.17 




Ne 7 + 


8 


239.09 


10 


Al 6 + 


7 


241.43 




S 6 + 


7 


280.93 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 


1 5 


Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239 09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 


20 


Ne7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 


25 


Ne 7 + 


8 


239.09 




Ne7 + 


8 


239.09 




Ne7 + 


8 


239.09 




Ne7 + 


8 


239.09 




Ne 7 + 


8 


239.09 


30 


Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




Ne 7 + 


8 


239.09 




No 7 + 


8 


239.09 


35 


Ne 7 -f 


8 


239.09 




Ne 7 + 


8 


239.09 



N 2 + 


2 


29.60 


216.92 


N 3 + 


3 


47.45 


216.73 


N 3 + 


3 


47.45 


218.45 


N 3 + 


3 


47.45 


215.77 


0 5 + 


5 


113.90 


214,33 


O 7 + 


7 


739.32 


214.57 


F 3 + 


3 


62.71 


218.22 


F 4 + 


4 


87.14 


216.03 


Ne 1 + 


1 


21.56 


21 7 53 


Ne 1 + 


1 


21.56 


21 9 A 7 


Ne 3 + 


3 


63.45 


217 4ft 


Ne 1 + 


1 


21 .56 


217^3 


A! 2 + 


2 


1 8 fiT 


OOfl Oft 


P 2 + 


<— 


1 <3 73 




S 2 + 


2 




21 S 7fi 


CI 2 + 


2 


23 fll 


Oi i: oo 


Sc 3 + 


3 


24 76 




Ni 2 ♦ 


2 


1 8. 1 7 




Cu 2 + 


2 


20.29 


2 1 8 ftfl 


Ga 2 + 


2 


20.51 


218.58 


As 2 + 


2 


18.63 


220. 4G 


Se 2 + 


2 


21.19 


21 7.90 


Br 2 + 


2 


21 .80 


21 7.29 


Kr 2 + 


2 


24.36 


21 4.73 


Y3 + 


3 


20.52 


21 8.57 


Zr 3 + 


3 


22.99 


216.10 


Nb 3 + 


3 


25.04 


214.05 


Pd 2 + 


2 


19.43 


21 9.66 


Aa 2 + 


2 


21 .49 


2 1 7 fin 


In 2 + 


2 


18.87 


220.22 


Te 2 + 


2 


18.60 


220.49 


1 2 + 


2 


19.13 


219.96 


Xe 2 + 


2 


21.21 


217.88 


La 3 + 


3 


19.18 


219.91 


Ce 3 + 


3 


20.20 


218.89 


Pr 3 + 


3 


21.62 


217.47 



82 



Ne 7 + 


8 


239.09 


Nd3 4 


3 


22.10 


Ne7 + 


8 


239.09 


Pm 3 4 3 


22.30 


Ne7 + 


8 


239 09 


Sm 3 4 3 


23.40 


Ne 7 + 


8 


23Q f)Q 


Eu3 4 


3 


24.90 


Ne7 + 


8 




Gd3 4 


3 


20.63 


Ne 7 + 


•' 8 


2?Q HQ 


Tb 3 4 


3 


21.91 


Ne7 + 


8 




Dy 3 4 


3 


22.80 


Ne 7 4 


8 


2*3q no 


Ho 3 4 


3 


22.84 


Ne 7 4 


8 


oqo no 


Er 3 4 


3 


22.74 


Ne 7 + 






Tm 3 4 


3 


23.68 


Ne 7 + 


ft 
O 


^jy.uy 


Yb3 + 


3 


25.03 


Ne 7 + 


O 

o 


ffjy.09 


Lu 3 4 


3 


20.96 


Ne 7 * 


a 
O 


r> o n r\ r\ 

c jy .09 


Hf 3 4 


3 


23.30 


Ne 7 + 


a 
o 


^39. 09 


PI 2 4 


2 


18.56 


Np 7 a 


o 
u 


239.09 


Au 2 4 


2 


20.50 


Ne 7 ■+ 


Q 
O 


^ jy .09 


Hg2 + 


2 


18.76 


Ne 7 + 


Q 
O 


<ijy.09 


Tl 2 4 


2 


. 20.43 


Mg 6 + 


7 


OO A Q/1 


Na 1 + 


1 


5.14 


P 5 + 




^>9rt A Q 


Na 1 4 


1 


5.14 


Na 7 + 


8 




Na2 + 


2 


47.29 


Mg 7 + 


8 


cDj.yi/ 


Na 2 4 


2 


47.29 


P 6 + 


7 


£- DO . C 


Na 2 4 


2 


47.29 


Na 7 + 


8 


O&A 1 Q 
<l 0<4 . I O 


Na 2 4 


2 


47.29 


Na 7 + 


8 


c. U H . 1 O 


Si 4 4 


4 


45.14 


Na 7 + 


8 


264 1 ft 

t. U4 . JO 


S 4 4 


4 


47.30 


Na 7 + 


8 


264 1 ft 


K 3 4 


3 


45.72 


Na 7 + 


8 


cut. i o 


Ti 4 4 


4 


43.27 


Na 7 + 


8 


264 1ft 

C. W ▼ . 1 o 


V 4 4 


4 


46.71 


Na 7 + 


8 


264.18 


Cr 4 4 


4 


49. 1 0 


Na 7 + 


8 


264.18 


Ge 4 4 


4 


45.71 


Na 7 4 


8 


264.18 


As 4 4 


4 


50.13 


Na 7 + 


8 


264.18 


Br 4 4 


4 


47.30 


Na 7 4 


8 


264.18 


Sr 3 4 


3 


43.60 


Na 7 4 


8 


264.18 


Mo 4 4 


4 


46.40 


Na 7 4 


8 


264.18 


Sb 4 4 


4 


44.20 


Na 7 + 


8 


264.18 


La 4 4 


4 


49.95 



216.99 

216.79 

215.69 

214.19 

218.46 

217.18 

216.29 

216.25 

216.35 

215.41 

214.06 

218.13 

215.79 

220.53 

218.59 

220.33 

218.66 

219.80 

215.29 

216.89 

218.61 

215.93 

216.89 

219.04 

216.88 

218.46 

220.91 

217.47 

215.08 

218.47 

214.05 

216.88 

220.58 

217.78 

219.98 

214.23 
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Na 7 + 


8 


264.18 


Gel 4 + 


4 


44.00 


220.18 


Na 7 + 


8 


264.18 


Yb4 + 


4 


43.70 


220.48 


Na7 + 


8 


264.18 


Lu 4 + 


4 


45.19 


218.99 


Na7 + 


8 


264.18 


Bi 4 + 


4 


45.30 


218.88 


Mg 6 + 


7 


224.94 


Mg 1 + 


1 


7.65 


217.29 


S 7 + 


.:8 


328.23 


Mg 4 + 


4 


109.24 


218.99 


Mg 6 + 


. 7 


224.94 


Mg 1 + 




7.65 


217.29 


Mg 6 + 


7 


224.94 


Al 1 + 




5.99 


218.95 


Mg 6 + 


7 


224.94 


Si 1 + 




8.15 


216.79 


Mg 6 + 


7 


224.94 


P 1 + 




10.49 


214.45 


Mg 6 + 


7 


224.94 


S 1 + 




10.36 


214.58 


Mg 6 + 


7 


224.94 


K 1 + 




4.34 


220.60 


Mg 6 + 


7 


224.94 


Ca 1 + 




6.11 


21 8.83 


Mg 6 + 


7 


224.94 


Sc 1 + 




6.54 


218.40 


Mg 6 + 


7 


224.94 


Ti 1 + 




6.82 


218.12 


Mg 6 + 


7 


224.94 


V 1 + 




6.74 


218.20 


Mg 6 + 


7 


224.94 


Cr 1 + 




6.77 


218.17 


Mg 6 + 


7 


224.94 


Mn 1 + 




7.43 


217.51 


Mg 6 + 


7 


224.94 


Fe 1 + 




7.87 


21 7.07 


Mg 8 + 


7 


224.94 


Co 1 + 




7.86 


21 7.08 


Mg 6 + 


7 


224.94 


Ni 1 + 




7.64 


217.31 


Mg 6 + 


7 


224.94 


Cu 1 + 




7.73 


217.21 


Mg 6 + 


7 


224.94 


Zn 1 + 




9.39 


215 55 


Mg 6 + 


7 


224.94 


Ga 1 + 




6.00 


218.94 


Mg 6 + 


7 


224.94 


Ge 1 + 




7.90 


217.04 


Mg 6 + 


7 


224.94 


As 1 + 




9.81 


215.13 


Mg 6 + 


7 


224.94 


Se 1 + 




9.75 


215.1.9 


Mg 6 + 


7 


224.94 


Rb 1 + 




4.18 


220.76 


Mg 6 + 


7 


224.94 


Sr 1 + 




5.70 


219.24 


Mg 6 + 


7 


224.94 


Y 1 + 




6.38 


218.56 


Mg 6 + 


7 


224.94 


Zr 1 + 




6.84 


218.10 


Mg 6 + 


7 


224.94 


Nb 1 + 




6.88 


218.06 


Mg 6 + 


7 


224.94 


Mo 1 + 




7.10 


217.84 


Mg 6 4 


7 


224.94 


Tc 1 + 




7.28 


217.66 


Mg 6 + 


7 


224.94 


Ru 1 + 




7.37 


217.57 


Mg 6 + 


7 


224.94 


Rh 1 + 




7.46 


217.48 



84 



10 



15 



20 



25 



30 



35 



Mg 6 + 


7 


224.94 


Pd 1 + 




8.34 


216.60 


Mg 6 4 


7 


224.94 


Ag 1 4 




7.58 


217.36 


Mg 6 + 


7 


224.94 


Cd1 + 




8.99 


215.95 


Mg 6 + 


7 


224.94 


In 1 4 




5.79 


219.15 


Mg 6 + 


7 


224.94 


Sn 1 4 




7.34 


217.60 


Mg 6 + 


i 7 


224.94 


Sb 1 4 




8.64 


216.30 


Mg 6 + 


7 


224.94 


Te 1 4 




9.01 


215.93 


Mg 6 + 


7 


224.94 


1 1 4 




10.45 


214.49 


Mg 6 + 


7 


224.94 


Ba 1 4 




5.21 


2iq 71 


Mg 6 + 


7 


224.94 


Ba 2 4 


2 


10.00 


Old Q/l 

<— 1 *-f . Zs T 


Mg 6 4 


7 


224.94 


La 1 4 




5.58 


2 1 9 Tfi 


Mg 6 + 


7 


224.94 


Ce 1 4 




5.47 




Mg 6 + 


7 


224.94 


Ce 2 4 


2 


1 0.85 




Mg 6 4 


7 


224.94 


Pr 1 4 




5 4? 


pi Q CO 


Mg 6 4 


7 


224 94 


Pr 2 4 


2 




9 1 A TO 


Mg 6 + 


7 


224.94 


Nd 1 4 




S 49 


O 1 O A C. 


Mg 6 + 


7 


224.94 


Nd 2 4 


2 


10 71 


i *t . C l 


Mg 6 + 


7 


224.94 


Pm 1 + 




5.55 




Mg 6 + 


7 


224.94 


Pm 2 4 


2 


10.90 


214 04 


Mg 6 + 


7 


224.94 


Sm 1 4 




5.63 




Mg6 + 


7 


224.94 


Eu 1 4 




5.67 


219 27 


Mg 6 + 


7 


224.94 


Gd 1 4 




6.14 


21 8.80 


Mg 6 + 


7 


224.94 


Tb 1 4 




5.35 


2 1 9.09 


Mg 6 4 


7 


224.94 


Dy 1 + 




5.93 


219.01 


Mg 6 4 


7 


224.94 


Ho 1 4 




6.02 


218 92 


Mg 6 4 


7 


224.94 


Er 1 4 




6.10 


21 8 84 


Mg 6 4 


7 


224.94 


Tm 1 4 




6.13 


218 76 


Mg 6 + 


7 


224.94 


Yb 1 4 




6.25 


21 8 69 


Mg 6 4 


7 


224.94 


Lu 1 4 




5.43 


219 S1 


Mg 6 4 


7 


224.94 


HI 1 4 




6.60 


218.34 


Mg 6 4 


7 


224.94 


Ta 1 4 




7.89 


217.05 


Mg 6 4 


7 


224.94 


W 1 4 




7.98 


216.96 


Mg 6 4 


7 


224.94 


Re 1 4 




7.88 


217.06 


Mg 6 4 


7 


224.94 


OS 1 4 




8.70 


216.24 


Mg 6 4 


7 


224.94 


!r 1 4 




9.10 


215.84 


Mg 6 4 


7 


224.94 


Pt 1 4 




9.00 


215.94 
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Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 4 
Mg 6 4 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 7 + 
Mg7 + 
Mg 7 4 
Mg 7 + 
Mg 7 + 
Mg 7 + 
Mg 7 + 
Mg7 + 
Mg 7 + 
Mg 7 + 
Mg 7 + 
Mg 7 + 
Mg 7 + 
Mg7-f 
Mg 7 4 
Mg 7 4 



7 
7 
7 
7 
7 
•7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 



224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

265.90 

265.90 

265.90 

265,90 

265.90 

265.90 

265.90 

265.90 

265.90 

265.90 

265.90 

265.90 

265.90 

265.90 

265.90 

265.90 



Au 1 + 
Hg1 + 
Tl 1 + 
Pb 1 + 
Bi 1 4 

Po 1 4 
Rn 1 4 
Ra 1 4 
Ra2 + 
Ac 1 4 
Th 1 4 
Pa 1 4 
U 1 4 
Np 1 4 
Pu 1 4 
Am 1 4 
Cm 1 4 
Bk 1 4 
Cf 1 4 
Es 1 + 
Si 4 4 

P 4 4 

S 4 + 
K 3 + 
Ca 3 4 
V 4 + 
Cr 4 + 
Mn 4 4 
Co 4 4 

Ge4 + 

As 4 4 

Br 4 + 

Nb5 + 

Mo 4 4 

La 4 4 

Lu 4 4 



4 
4 
4 
3 
3 
4 
4 

4 

4 

4 

4 

4 

5 

4 

4 

4 



9.23 
10.44 
6.11 
7.42 
7.29 
8.42 
10.75 
5.28 
10.15 
5.20 
6.10 
5.90 
6.05 
6.20 
6.06 
5.99 
6.02 
6.23 
6.30 
6.42 
45.14 
51 37 
47.30 
45.72 
50.91 
46.71 
49.10 
51.20 
51.30 
45.71 
50.13 
47.30 
50.55 
46.40 
49.95 
45.19 



215.71 

214.50 

218.83 

217.52 

217.65 

216.52 

214.19 

219.66 

214.79 

219.74 

218.84 

219.04 

218.89 

218.74 

218.88 

218.95 

218.92 

218.71 

218.64 

218.52 

220.76 

214.53 

218.60 

220.10 

214.99 

219.19 

216.80 

214.70 

214.60 

220.19 

215.77 

218.60 

215.35 

219.50 

215.95 

220.71 
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Mg 7 + 
P 5 + 
Si6 + 
Al 6 + 
Al 6 + 
A! 6 + 
At 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 4 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 7 + 



8 
6 
7 
7 
7 
* 7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 



265.90 


Ri A x 


A 

4 


45.30 


220.60 


220.43 




1 
I 


5.99 


214.44 


246.52 


Al 1 4- 


9 


on a r- 

<io.45 


218.07 


241 .43 


Q O . 

s> ^ + 




23.33 


218.10 


241 43 


PI 9 ^ 




23.81 


217.62 


241 .43 


OC O + 


J 


24.76 


216.67 


241.43 


vja <: + 


o 


20.51 


220.92 


?41 4 9 


be 2 + 


2 


21.19 


220.24 


94 1 49 


Ur 2 + 


2 


21.80 


219.63 


9/1 1 y< Q 


Kr 2 + 


2 


24.36 


217.07 


OA 1 


Rb 2 + 


2 


27.28 


214.15 


1 .HJ 


Y 3 + 


3 


20.52 


220.91 


I .4 J 


Zr 3 + 


3 


22.99 


218.44 


OA 1 4 O 
i .4 J 


Nb 3 + 


3 


25.04 


216.39 


9/11 >lo 
c 4 I . 4 J 


Mo 3 + 


3 


27.16 


214.27 


Oil 1 A O 

£4 1 .4 J 


Ag 2 + 


2 


21.49 


219.94 




Sb 3 + 


3 


25.30 


216.13 


OA 149 


Xe 2 + 


2 


21.21 


220.22 


24 1 41 


OS + 


2 


25.10 


216.33 


24 1 41 


rr 3 + 


3 


21.62 


219.81 


24 1 .43 


NO s> + 


3 


22 10 


219 33 


24 1 .43 


Dm O 


3 


22.30 


219.13 


24 1 41 


ofn J + 


3 


23.40 


218.03 


241 .43 


Pi i "O , 


3 


24.90 


216.53 


24 1 .43 




3 


20.63 


220.80 


241.43 


TK 9 » 
» O O 4- 


J 


21.91 


219.52 


241 .43 


Dw o , 


J 


22.80 


218.63 


241 .43 


no o -f 


3 


22.84 


218 59 


241.43 


Fr 1 4. 




c2.74 


218.69 


241.43 


Tm3 + 


3 


23.68 


217.75 


241.43 


Yb3 + 


3 


25.03 


216.40 


241.43 


Lu 3 + 


3 


20.96 


220.47 


241.43 


Hf 3 + 


3 


23.30 


216.13 


241.43 


Au 2 + 


2 


20.50 


220.93 


241,43 


8i 3 + 


3 


25.56 


215.87 


284.59 


P 5 + 


5 


65.02 


219.57 
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Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 4 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
P 6 + 
Si 6 + 
Si 6 + 
Si 6 + 
Si 6 + 
Si 6 + 
Si 6 + 
Si 6 4 
Si 6 4 
Si 6 + 
Si 6 + 
Si 6 + 
Si 6 4 
Si 6 + 
Si 6 + 
Si 6 4 
Si 6 4 
Si 6 4 
Si 6 4 
Si 6 4 
Si 6 4 
Si 6 4 
Si 6 4 
Si 7 4 
Si 7 + 
Si 7 4 



8 
8 
8 
8 
8 

J 8 
• 8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
/ 

7 
8 
8 
8 



284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

263.22 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246 52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

246.52 

303.17 

303.17 

303.17 



CI 5 4 
Ca 4 4 
V 5 + 
Cr 5 + 
Ga4 + 
As 5 4 
Se5 4 
Kr 5 4 
Mo 6 4 
Pb5 + 
Si 4 + 

P 34 

Ar 2 4 
K 2 + 
Ti 3 4 
V 3 + 
Cr 3 4 
Fe 3 4 
Ga 3 4 
As 3 4 
Se 3 4 
Rb2 + 
Mo 3 4 
Tc 3 4 
Ru 3 4 
Rh 3 4 
In 3 4 
Sn 3 4 
Te 3 4 
Xe3 + 
TI 3 4 
Pb3 4 
Bi .3 4 
S 6 4 
K 54 
Ca 5 4 



5 
4 

5 
5 
4 

5 

5 

5 

6 

5 

4 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

2 

3 

3. 

3 

3 

3 

3 

3 

3 

3 

3 

3 

6 

5 

5 



67.80 

67.10 

65.23 

69.30 

64.00 

63.63 

68.30 

64.70 

68.00 

68.80 

45.14 

30.18 

27.63 

31.63 

27.49 

29.31 

30.96 

30.65 

30.71 

28.35 

30.82 

27.28 

27.16 

29.54 

28.47 

31.06 

28.03 

30.50 

27.96 

32.10 

29.83 

31.94 

25.56 

88.05 

82.66 

84.41 



216.79 

217.49 

219.36 

215.29 

220.59 

220.96 

216.29 

219.89 

216.59 

215.79 

218.08 

216.34 

218.89 

214.90 

219.03 

217.21 

215.56 

215.87 

215.81 

218.17 

215.70 

219.24 

219.36 

216.98 

218.05 

215.46 

218.49 

216.02 

218.56 

214.42 

216.69 

214.58 

220.96 

215.12 

220.51 

218.76 
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Si 7 + 


8 


303.17 


Si 7 + 


8 


303.17 


Si 7 + 


8 


303.17 


Si 7 + 


8 


303.17 


S 6 + 


7 


280.93 


P 5 + 


. 6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 



Zn 5 + 


5 


82.60 


220.57 


Br 6 + 


6 


88.60 


214.57 


Rb6 + 


6 


84.40 


218.77 


Bi 6 + 


6 


88.30 


214.87 


P 5 + 


5 


65.02 


215.91 


K 1 + 




4.34 


216.09 


Ca 1 + 




6.11 


214.32 


Ga 1 + 




6.00 


214.43 


Rb 1 + 




4.18 


216.25 


Sr 1 + 




5.70 


214.73 


Y 1 + 




6.38 


214.05 


In 1 + 




5.79 


214.64 


Cs 1 + 




3.89 


216.54 


Ba 1 + 




5.21 


21 5.22 


La 1 + 




5.58 


214.85 


Ce 1 + 




5.47 


214.96 


Pr 1 + 




5.42 


215.01 


Nd 1 + 




5.49 


214.94 


Pm 1 + 




5.55 


214.88 


Sm 1 + 




5.63 


214.80 


Eu 1 + 




5.67 


214.76 



Gd 1 + 1 


6.14 


214.29 


Tb 1 + 1 


5.85 


214.58 


Oy 1 + 1 


5.93 


214.50 


Ho 1 + 1 


6.02 


214.41 


Er 1 + 1 


6.10 


214.33 


Tm 1 + 1 


6.18 


214.25 


Yb 1 + 1 


6.25 


214.18 


Lu 1 + 1 


5.43 


215.00 


Tl 1 + 1 


6.11 


214.32 


Ra 1 + 1 


5.28 


215.15 


Ac 1 + 1 


5.20 


215.23 


Th 1 + 1 


6.10 


214.33 


Pa 1 + 1 


5.90 


214.53 


U 1 + 1 


6.05 


214.38 


Np 1 4 1 


6.20 


214.23 
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P 5 + 


6 


220.43 


Pu 1 + 




6.06 


P 5 + 


6 


220.43 


Am 1 


+■ 1 


5.99 


P 5 + 


6 


220.43 


Cm 1 + 1 


6.02 


P 5 + 


6 


220.43 


Bk 1 + 


1 


6.23 


P 5 + 


6 


220.43 


Cf 1 + 


1 


6.30 


P 5 + 


. 6 


220.43 


Es 1 + 




6.42 


P 6 + 


7 


263.22 


S 4 + 


4 


47.30 


P 6 + 


7 


263.22 


K 3 + 




45.72 


P 6 + 


7 


263.22 


Ti 4 + 


** 


43.27 


P 6 + 


7 


263.22 


V 4 + 


A 


46.71 


P 6 + 


7 


263.22 


Cr A 


A 
4 


49.10 


P 6 + 


7 


263.22 


NJtf *♦ + 


ji 
H 


45 71 


P 6 + 


7 


263.22 


ot? -+ 


A 

4 


42.94 


P 6 + 


7 


263.22 


Of *+ + 


A 

4 


47 


P 6 + 


7 


263.22 


O J O 4 


o 


41 fiO 


P 6 + 


7 


263.22 




4 


46 40 


P 6 + 


7 


263.22 




4 


44 ?0 


P6t 


7 


263.22 


Fit A ± 


/t 


42.60 


P 6 + 


7 


263.22 


Gd 4 f 


*t 


44.00 


P 6 + 


7 


263.22 


Ho 4 + 


4 


42.50 


P 6 + 


7 


263.22 


Er 4 + 


4 


42.60 


P 6 + 


7 


263.22 


Tm 4 + 


4 


42.70 


P 6 + 


7 


263.22 


Yb 4 + 


4 


43.70 


P 6 + 


7 


263.22 


Lu 4 + 


4 


45.19 


P 6 + 


7 


263.22 


Pb 4 + 


4 


42.32 


P 6 + 


7 


263.22 


Bi 4 + 


4 


45.30 


P 7 + 


8 


309.41 


Ar 6 + 


6 


91.01 


P 7 + 


8 


309.41 


Sc 5 + 


5 


91.66 


P 7 + 


8 


309.41 


Cr 6 + 


6 


90.56 


P 7 + 


8 


309.41 


Mn 6 + 


6 


95.00 


P 7 + 


8 


309.41 


Ge5 + 


5 


93.50 


P 7 + 


8 


309.41 


Br 6 + 


6 


88.60 


P 7 + 


8 


309.41 


Sr 6 + 


6 


90.80 


P 7 + 


8 


309.41 


Y 6 + 


6 


93.00 


S 6 + 


7 


280.93 


K 4 + 


4 


60.91 


S 6 + 


7 


280.93 


V 5 + 


5 


65.23 



214.37 

214.44 

214.41 

214.20 

214.13 

214.01 

215.92 

217.50 

219.95 

216.51 

214.12 

217.51 

220.28 

215.92 

219.62 

216.82 

219.02 

220.62 

219.22 

220.72 

220.62 

220.52 

219.52 

218.03 

220.90 

217.92 

218.40 

217.75 

218.85 

214.4 1 

215.91 

220.81 

218.61 

216.41 

220.02 

215.70 
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S 6 + 


7 


280.93 


Ga4 + 


4 


64.00 


Oic no 

c lo.yj 


S 6 + 


7 


280.93 


As 5 + 


5 


63.63 


917 on 


S 6 + 


7 


280.93 


Kr 5 + 


5 


64.70 


^ 1 O.^ J 


S 6 + 


7 


280.93 


Y 4 + 


4 


61 .80 


91 q n 
i y . i o 


S 6 + 


7 


280.93 


Mo 5 + 


5 


61 2fl 


01 A "7 O) 


S 7 + 


8 


328.23 


CI 7 + 


7 


1 1 4 1<3 


Oi/i n >t 


S 7 + 


8 


328.23 


Ca 6 + 


6 


10ft 7tt 


^ i y .4 5 


S 7 + 


8 


328.23 


Sc 6 + 


K 

w 


1 iJ.lv/ 


217.13 


S 7 + 


8 


328.23 


Ni 6 + 


R 
O 


1 no nn 


220.23 


S 7 + 


8 


328.23 


• \J -r 


o 


1 no An 


220.23 


S 7 + 


8 


328.23 




7 
/ 


i 1 1 .00 


217.23 


S 7 + 


8 


328 23 


Sb 6 + 


8 


1 or nn 




CI 7 + 


8 


348.28 


Ca 7 + 


7 


127.70 


220.58 


CI 7 + 


8 


348.28 


V 6 + 


6 


128.12 


220.16 


CI 7 + 


8 


348.28 


Co 7 + 


7 


129.00 


219.28 


CI 7 + 


8 


348.28 


Ni 7 + 


7 


133.00 


215.28 


C! 7 + 


8 


348.28 


Zn 7 + 


7 


134.00 


214.28 


CI 7 + 


8 


348.28 


As 6 + 


6 


127.60 


220.68 


CI 7 ♦ 


8 


348.28 


Y 8 + 


8 


129.00 


219.28 


1 {resonance shrinkage energy is given by | 


27.21 eV; 


with n = 54. the 



resonance shrinkage energy is 734.67) 



Atom 


n 


nth Ion- 


Atom 


n 


nth Ion- 


Energy 


Oxidiz- 




ization 


Reduced 




ization 


Hole 


ed 




Energy 






Energy 


(eV) 


0 6 + 




(eV) 






(eV) 


7 


739.32 


Li 1 + 


1 


5.39 


733.92 


F.7 + 


8 


953.89 


Bo 4 + 


4 


217.71 


736.17 


O 6 + 


7 


739.32 


B 1 + 


1 


8.30 


731.02 


O 7 + 


8 


871.39 


O 6 + 


6 


138.12 


733 27 


O 6 + 


7 


739.32 


Na 1 + 


1 


5.14 


734.18 


O 6 + 


7 


739.32 


Mg 1 + 


1 


7.65 


731.67 


O 6 + 


7 


739.32 


Al 1 + 


1 


5.99 


733.33 


O 6 + 


7 


739.32 


Si 1 + 


1 


8.15 


731.16 


O 6 + 


7 


739.32 


K 1 + 


1 


4.34 


734.97 


O 6 + 


7 


739.32 


Ca 1 + 


1 


6.11 


733.20 
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7 


79Q 1? 


1 4 1 




799 7ft 






7 


79Q 99 


Ti 1 . 1 
1 1 1 4 1 


O.Oc 


799 ilQ 




V-J D 4 


7 


79Q 19 


V I 4 1 




719 CQ 




AC, 


7 


79Q 19 


Cr 1 ^ 1 


77 
0./ / 


79 9 CC 




U O-f 


7 


71Q 19 


Mm 1 4 1 


7 yll 


7 9 1 DO 

/3 1 .00 




n c , 

U 0 + 


/ 


71Q 19 


16 1 4 1 


7 Q7 
/ .0/ 


7 O 1 Ad 

/ 3 1 .4b 




u o + 


• 7 
/ 


79Q 19 


V^O I 4 1 


/.ob 


7 O \ AC 

f 3 1 .46 




U b + 


f 


-700 00 


Mi i 4 

Ni 1 + 1 




70 4 r> A 

73 1 .68 




U b + 


-7 
I 


/ 3y. 3^ 


CU 1 4 1 


7.73 


731 .59 


1 0 


O 6 4 


7 


739.32 


Ga 1 4 1 


6.00 


733.32 




O 6 + 


7 


739.32 


Ge 1 4 1 


7.90 


731 .42 




O 6 + 


7 


739.32 


Rb 1 4 1 


4.18 


735.14 




O 6 + 


7 


739.32 


Sr 1 4 1 


5.70 


733.62 




O 6 4 


7 


739.32 


Y 1 + 1 


6.38 


732.93 


1 5 


O 6 + 


7 


739.32 


Zr 1 4 1 


6.84 


732.47 




O 6 + 


7 


739.32 


Nb 1 4 1 


6.88 


732.43 




O 6 4 


7 


739.32 


Mo 1 4 1 


7.10 


732.22 




U O 4- 




739.32 


Tc 1 4 1 


7.28 


732.03 




U D + 


-7 

7 


739.32 


HU 1 4 1 


7.37 


731.95 


<r U 


U b 4 




/ 39. 3*: 


Rn 1 4 1 


7.46 


731 .85 




U D + 


-7 


/ J9 .3<: 


PO 1 4 1 


ft Oil 

8.34 


730.97 




W O 4 


"7 
/ 


/ 3y .3^ 


Ag 1 4 1 


7.58 


731 .74 




\J D 4 


7 


/ 3y .3^ 


La 14 1 


0.99 


730.32 




. O 4 


7 
/ 


7 9 Q 19 


in i 4 l 


c: 70 

o./y 


700 CO 

Z33.53 




v_/ O + 


7 


71Q 99 


on 1 4 1 


7 i/t 


711 O "7 

/3 1 .y / 




v D + 


7 


7 1 Q 19 


oD 14 I 


O.D4 


/oU.b/ 




w o 4 


/ 


7TO QO 

/ 3y . J £ 


»e 1 4 1 


y.o 1 


"7 ft ft ft < 

/30.3 1 




\J O + 


7 


7 1 Q 19 


OS 14 1 


3.oy 






U o 4 


7 


739.32 


Ba 1 4 1 


5.21 


734.10 


30 


O 64 


7 


739.32 


La 1 4 1 


5.58 


733.74 




O 6 + 


7 


739.32 


Ce 1 4 1 


5.47 


733.85 




O 6 + 


7 


739.32 


Pr 1 4 1 


5.42 


733.89 




0 64 


7 


739.32 


Nd t 4 1 


5.49 


733.83 




O 64 


7 


739.32 


Pm 1 4 1 


5.55 


733.76 


35 


O 6 4 


7 


739.32 


Sm 1 4 1 


5.63 


733.68 




O 64 


7 


739.32 


Eu 1 4 1 


5.67 


733.65 
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O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
0 6 + 
0 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
0 6 + 
0 6 + 
O 6 + 
O 6 + 
O 7 + 
O 7 + 
O 7 + 
O 7 + 



7 
7 
7 
7 
7 

n 

• 7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 



739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

739.32 

871.39 

871.39 

871.39 

871.39 



Gd 1 + 
Tb 1 + 
Dy 1 + 
Ho 1 + 
Er 1 + 
Tm 1 + 
Yb 1 + 
Lu 1 + 
Hf 1 + 
Ta 1 + 
W 1 + 
Re 1 + 
Os 1 + 
lr 1 + 
Pt 1 + 
Au 1 + 
Tl 1 + 
Pb 1 + 
Bi 1 + 
Po 1 + 
Ra 1 + 
Ac 1 + 
Th 1 + 
Pa 1 + 
U 1 + 
Np 1 + 
Pu 1 + 
Am 1 + 
Cm 1 + 
Bk 1 + 
Cf 1 + 
Es 1 + 
O 6 + 
Na 5 + 
Mg 5 + 
Sc 7 + 



6.14 
5.85 
5.93 
6.02 
6.10 
6.18 
6.25 
5.43 
6.60 
7.89 
7.98 
7.88 
8.70 
9.10 
9.00 
9.23 
6.11 
7.42 
7.29 
8.42 
5.28 
5.20 
6.10 
5.90 
6.05 
6.20 
6.06 
5.99 
6.02 
6.23 
6.30 
6.42 
138.12 
138.39 
14 1.26 
138.00 



733.17 

733.47 

733.39 

733.29 

733.22 

733.13 

733.06 

733.89 

732.72 

731.42 

731.34 

731.43 

730.61 

730.22 

730.32 

730.09 

733.21 

731.90 

732.03 

730.90 

734.04 

734.1 1 

733.22 

733.41 

733.27 

733.1 1 

733.26 

733.33 

733.29 

733.09 

733.02 

732.90 

733.27 

733.00 

730.13 

733.39 
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0 


7 + 


8 


871.39 


Ti 7 + 


7 


140.80 


730.59 


* 


O 


7 + 


8 


871.39 


Cu 7 + 


7 


139.00 


732.39 




o 


7 + 


8 


871.39 


Zn 7 + 


7 


134.00 


737.39 


> 


o 


7 + 


8 


871.39 


Rb8 + 


8 


136.00 


735.39 


5 


o 


7 + 


8 


871.39 


Te 7 + 


7 


137.00 


734.39 




F 


7 + 


< 8 . 


953.89 


P 6 + 


6 


220.43 


733.46 



Two-ion couples capable of producing energy holes for shrinking 
deuterium atoms involving cations and anions. The number in the column 



following the ion. (n), is the nth ionization energy of the atom. For 
1 0 example, Ga?+ + 30.71 eV = Ga 3+ + e" and H + e- = H" + 3.08 eV. 
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Atom 


n 


nth Ion- 


Atom n 


nth Inn- 


di *t?ry y 


Oxidiz- 




ization 


Reduced 


17 a t ion 


nuic 


ed 




Enerqy 
(eV) 




Enprnv 

\xz v ; 




As 2 + 


3 


28.35 


H - 1 


0 80 


?7 


Ru 2 + 


3 


28.47 


H - 1 


0.80 


27 67 


In 2 + 


3 


28.03 


H - 1 


0.80 


97 91 


Te 2 + 


3 


27.96 


H - 1 


0.80 


27.16 


Al 2 + 


3 


28.45 


H - 1 


0.80 


27.65 


Ar 1 + 


2 


27.63 


H - 1 


0.80 


26.83 


As 2 + 


3 


28.35 


Li - 1 


0.61 


27.74 


Ru2 + 


3 


28.47 


Li - 1 


0.61 


27.86 


In 2 + 


3 


28.03 


Li - 1 


0.61 


27.42 


Te 2 + 


3 


27.96 


Li - 1 


0.61 


27.35 


Al 2 + 


3 


28.45 


L i 1 


0.61 


27.84 


Ar 1 + 


2 


27.63 


Li - 1 


0.61 


27.02 


Ti 2 + 


3 


27.49 


Li - 1 


0.61 


26.88 


As 2 + 


3 


28.35 


B - 1 


0.30 


28.05 


Rb 1 + 


2 


27.28 


B - 1 


0.30 


26.98 


Mo 2 + 


3 


27.16 


B - 1 


0.30 


26.86 


Ru 2 + 


3 


28.47 


B - 1 


0.30 


28.17 


In 2 + 


3 


28.03 


B - 1 


0.30 


27.73 


Te 2 + 


3 


27.96 


8 - 1 


0.30 


27.66 


Al 2 + 


3 


28.45 


B - 1 


0.30 


28.15 


Ar 1 + 


2 


27.63 


B - 1 


0.30 


27.33 


Ti 2 + 


3 


27.49 


B • 1 


0.30 


27.19 





As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 


5 


Te 2 + 


3 


27.96 




N 1 + 


;2 


29.60 




Al 2 + 


• 3 


28.45 




V 2 + 


3 


29.31 




As 2 + 


3 


28.35 


10 


Tc 2 + 


3 


29.54 




Ru 2 + 


3 


28.47 




Tl 2 + 


3 


29 83 

£- J . \J\J 




N 1 + 


2 


£- x/ . \J\J 




Al 2 + 


3 


9R 4S 


1 5 


V 2 + 




L. J.J 1 




Ga 2 + 




?n 71 




Sp 2 + 


3 






Rh 2 + 


3 


31 OR 




Sn 2 + 


3 


30 SO 


20 


Pb 2 + 


3 


31 .94 




K 1 + 


2 


31 .63 




Cr 2 + 


3 


30.96 




Fe 2 


3 


30.65 




As 2 + 


3 


28.35 


25 


Ru 2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


o 
t- 


27 fi^ 


30 


Ti 2 + 


3 


27.49 




As 2 + 


3 


28.35 




Ru2> 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 


35 


Al 2 + 


3 


28.45 




Ar 1 4 


2 


27.63 



C 


-1 1.12 


27.23 


C 


-1 1.12 


28.42 


C 


-1 1.12 


27.35 


C 


-1 1.12 


26.91 


C 


-1 1.12 


26.84 


C 


-1 1.12 


28.48 


C 


-1 1.12 


27.33 


C 


-1 1.12 


28.19 


o 


- 1 1.47 


26.89 


o 


- 1 1.47 


28.07 


o 


- 1 1.47 


27 00 

C I . \J\J 


o 


- 1 1 47 


2ft 


o 


- 1 1.47 


2ft 1 4 


o 


- 1 1 47 


PR QA 

CO .oo 


o 


- 1 1 47 


91 ft4 

L / .O" 


F 


- 1 3 45 


91 2R 

c / .CD 


F 


- 1 3 45 


97 ?7 


F 


- 1 3 45 


27 R1 


F 


- 1 3.45 


27 OS 


F 


- 1 3.45 


28.49 


F 


- 1 3.45 


28.18 


F 


- 1 3.45 


27.51 


F 


- 1 3.45 


27.20 


Na 


- 1 0.52 


27.83 


Na 


- 1 0 52 


27.95 


Na 


- 1 0.52 


27.51 


Na 


- 1 0.52 


27.44 


Na 


- 1 0.52 


27.93 


Na 




97 1 1 


Na 


■ 1 0.52 


26.97 


A 1 


1 0.52 


27.83 


Al 


1 0.52 


27.95 


Al 


• 1 0.52 


27.51 


A 1 


1 0.52 


27.44 


A 1 


1 0.52 


27.93 


A I 


1 0.52 


27.1 1 
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Ti 2 + 


3 


27.49 


Al 


- 1 0.52 


2fi Q7 


As 2 + 


3 


28.35 


Si 


- 1 1.39 




Tc 2 + 


3 


29.54 


Si 


- 1 1.39 


co. i o 


Ru2 + 


3 


28.47 


Si 


- 1 1.39 


P7 nn 


TI 2 + 


3 


29.83 


Si 


- 1 1.39 


O . Q H 


N 1 + 


; 2 


29.60 


Si 


--1 1 m 




A! 2 + 


■ 3 


28.45 


Si 


- 1 1 39 


97 nr 


V 2 + 


3 


29.31 


Si 


- 1 1 *}Q 


2 / .y 2 


As 2 + 


3 


28.35 


P 


- 1 fi 7ft 


2/. 5/ 


Ru2 + 


3 


28.47 


p 


- 1 c\ 7a 


27.69 


In 2 + 


3 


28.03 


p 


- 1 n 7a 
\ u. / o 


27.25 


Te 2 + 


3 


27.96 


p 

i 


1 f\ 7Q 

l U./o 


27.1 8 


Al 2 + 


3 


28.45 


P 

r 


- i 0.78 


27.67 


Ar 1 + 


2 


27.63 


p 


- 1 U./o 


26.85 


Tc 2 + 


3 


29.54 


C 

o 


- 1 2.0/ 


27.47 


Sn 2 4 


3 


30.50 


Q 
O 


- 1 2.0/ 


28.43 


TI 2 + 


3 




c 


- » 2.07 


27.76 


N 1 + 


2 


29.60 


Q 

o . 


- « 2.0/ 


27.53 


P 2 + 


3 


30. 18 


Q 


- 1 o n 7 


28. 1 1 


V 2 + 


3 


29.31 




. 1 O A7 
1 C.A) 1 


27.24 


Ga2 + 


3 


30.71 


CI 


1 TCI 


2/10 


Se 2 + 


3 


30.82 


CI 


1 Q CI 
J O.O I 


C / . C I 


Rh2 + 


3 


31.06 


CI 


1 ^ R 1 




Sn 2 + 


3 


30.50 


Ci 


1 ? fi1 

■ O .O I 




Xe2 + 


3 


32.10 


CI 




00 /in 


Pb2 + 


3 


31.94 


CI 


• V? .O I 


no 00 
c 0 .3d 


K 1 + 


2 


31.63 


CI 


1 T fi1 


0 Q n 1 
co.U I 


Cr 2 + 


3 


30.96 


Ci 


1 1 R1 

■ O.O 1 


2 ( .Jb 


Fe 2 + 


3 


30.65 


CI 


1 3.61 




As 2 + 


3 


28.35 


K 


1 0-69 


27.66 


Ru 2 + 


3 


28.47 


K 


1 0.69 


27.78 


In 2 + 


3 


28.03 


K 


1 0.69 


27.34 


Te 2 + 


3 


27.96 


K 


1 0.69 


27.27 


Al 2 + 


3 


28.45 


K 


1 0.69 


27.75 


Ar 1 + 


2 


27.63 


K 


1 0.69 


26.93 


As 2 + 


3 


28.35 


Fe 


1 0.56 


27.79 
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Ru 2 + 


3 


28.47 




1 c\ cc 
- 1 U.OD 


27.91 


In 2 + 


3 


28 03 


To 


1 A CC 


21 Al 


Te 2 + 


3 


27 96 


rt; 


i A c 

- 1 0.56 


21.40 


Ai 2 + 


3 


28 4S 


ft? 


- 1 0.56 


27.89 


Ar 1 + 


2 




re 


- i 0.56 


27.07 


Ti 2 + 




97 4Q 


rO 


• 1 0.56 


26.93 


As 2 + 




9A 


UO 


- 1 0.95 


27.40 


Ru 2 + 


O 

v> 


9fl 47 


rvv 
UO 


• 1 0.95 


27.52 




•3 




UO 


- 1 0.95 


27.08 


1 1? ^ + 


O 
O 




Co 


- 1 0.95 


27.01 




o 
J 


28.45 


Co 


- 1 0.95 


27.49 


v + 


J 


29.31 


Co 


- 1 0.95 


28.36 


IC c + 


J 


29.54 


Cu 


-1 1.82 


27.72 


Tl O * 
1 I C + 


3 


29.83 


Cu 


- 1 1.82 


28.01 


M 1 . 
IN i -f 




29.60 


Cu 


- 1 1.82 


27.78 


p O . 


Q 


30. 1 8 


Cu 


- 1 1.82 


28.36 


v <: -f 


J 


29.3 1 


Cu 


- 1 1.82 


27.49 




Q 

o 


OA 71 


Br 


- 1 3.36 


27.35 




o 


on oo 


Br 


- 1 3.36 


27.46 


Rh 2 + 


o 

*_) 


O 1 . L/O 


O r 
fc>f 


- 1 3.36 


27 70 


Sn 2 + 




TO CA 


Q r 

or 


• 1 3.36 


27.14 


P 2 + 


o 


JU. 1 o 


ur 


■ 1 3.36 


26.82 


K 1 + 


9 


O I .DO 


of 


1 3.36 


28.26 


Cr 2 + 


O, 


JU.jD 


n r 

t> r 


1 3.36 


27.60 


Fe 2 + 


v> 


OU . DO 


d r 


1 3.36 


27.29 


As 2 + 




9fi 3^ 


HO 


1 0.30 


28.05 


Rb 1 + 


9 


97 9fl 


riD 


1 0.30 


26.98 


Mo ? + 


O 


97 1 R 
t/. ID 


HD 


1 0.30 


26.86 


Ru 2 + 


\j 


9fl 4 7 


no 


1 0.30 


28.17 


In 2 + 


3 


28.03 


Rb 


1 0.30 


27.73 


Te 2 + 


3 


27.96 


Rb 


1 0.30 


27.66 


Al 2 + 


3 


28.45 


Rb 


1 0.30 


28.15 


Ar 1 + 


2 


27.63 


Rb 


1 0.30 


27.33 


Ti 2 + 


3 


27.49 


Rb 


1 0.30 


27.19 


Ga2 + 


3 


30.71 


l 


1 3.06 


27.65 


Se 2 + 


3 


30.82 


1 


1 3.06 


27.76 
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Rh2+ 3 


31.06 


1 




Sn2 + 3 


30.50 


, 




P 2+ 3 


30.18 


I 




Cr 2 + 3 


30.96 


j 


5 


Fe 2+ 3 


30.65 


| 




As 2 + 3 


28.35 


Cs 




Rb 1 + 2 


27.28 


Cs 




Mo 2+ 3 


27.16 


Cs - 1 




Ru2 + 3 


28.47 


Cs - 1 


10 


In 2 + 3 


28.03 


Cs - i 




Te 2 + 3 


27.96 


Cs - 1 




Al 2 + 3 


28.45 


Cs 1 




Af 1+ 2 


27.63 


Cs - 1 


1 5 


Ti 2 + 3 


27.49 


Cs 1 


Tc2+ 3 


29.54 


Se - 1 




TI 2 + 3 


29.83 


Se - 1 




N 1 4 2 


29.60 


Cp 1 
Ofcr - j 




P 2 + 3 


30.18 


Sp 1 


20 


V 2+ 3 


29.31 


Se - 1 


Tc 2 + 3 


29.54 


Te - 1 




Sn 2 + 3 


30.50 


Te - 1 




TI 2 + 3 


29.83 


Te - 1 




N 1 + 2 


29.60 


Te - 1 


25 


P 2 + 3 


30.18 


Te - i 


V 2+ 3 


29.31 


Te - 1 




Fe 2 + 3 


30.65 


Te - i 




As 2 + 3 


28.35 


As - i 




Ru2+ 3 


28.47 


As - 1 


30 


In 2 4 3 


28.03 


As - 1 


Te 2 4 3 


27.96 


As - 1 




Al 2 + 3 


28.45 


As - 1 




Ar 1 + 2 


27.63 


As - 1 




Ti 2 4 3 


27.49 


As - 1 


35 


Tc 2 4 3 


29.54 


Sb - 1 


TI 2 4 3 


29.83 


Sb - 1 




N 1 1 2 


29.60 


Sb - i 



3.06 

3.06 

3.06 

3.06 

3.06 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

1.70 

1.70 

1.70 

1.70 

1.70 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

2.00 

2.00 

2.00 



28.00 

27 44 

27.12 

27.90 

27.59 

28.05 

26.98 

26.06 

28.17 

27.73 

27.66 

28.15 

27.33 

27.19 

27.84 

28.13 

27.90 

28.48 

27.61 

27.34 

28.30 

27.63 

27.40 

27.98 

27.11 

28.45 

27.75 

27.87 

27.43 

27.36 

27.85 

27.03 

26.89 

27.54 

27.83 

27.60 
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P 2 + 
V 2 + 
As 2 + 
Ru 2 + 
In 2 + 
Te2 + 
Al 2 + 
Ar 1 + 
Tc 2 + 
Sn 2 + 
Tl 2 + 
N 1 + 
P 2 + 

V 2 + 
Tc 2 + 
Sn 2 + 
Tl 2 4 
N 1 + 
P 2 + 

V 2 + 
As 2 + 
Tc 2 + 
Ru 2 + 
Tl 2 + 
N 1 +. 
Al 2 + 

V 2 + 
As 2 + 
Ru2 + 
In 2 + 
Te 2 + 
Al 2 + 
Ar 1 + 
Ti 2 + 
As 2 + 
Tc 2 + 



3 

3 

3 

3 

3 

3 

3 

2 

3 

3 

3 

2 

3 

3 

3 

3 

3 

2 

3 

3 

3 

3 

3 

3 

2 . 

3 

3 

3 

3 

3 

3 

3 
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3 

3 

3 



30.18 

29.31 

28.35 

28.47 

28.03 

27.96 

28.45 

27.63 

29.54 

30.50 

29.83 

29.60 

30.18 

29.31 

29.54 

30.50 

29.83 

29.60 

30.18 

29.31 

28.35 

29.54 

28 47 

29.83 

29.60 

28.45 

29.31 

28.35 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

28.35 

29.54 



Sb 

Sb 

Bi 

Bi 

Bi 

Bi 

Bi 

Bi 

Tl 

Tl 

Tl 

Tl 

Tl 

Tl 

Au 

Au 

Au 

Au 

Au 

Au 

"9 

Hg 
Hg 
Hg 
Hg 
Hg 
Hg 

AS 

As 

As 

As 

As 

As 

As 

Ce 

Ce 



2.00 

2.00 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

1.54 

1.54 

1.54 

1.54 

1.54 

1.54 

1 54 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

1.20 

1.20 



28.18 

27.31 

27.65 

27.77 

27.33 

27.26 

27.75 

26.93 

27.44 

28.40 

27.73 

27.50 

28.08 

27.21 

27.44 

28.40 

27.73 

27.50 

28.08 

27.21 

26.81 

28.00 

26.93 

28.29 

28.06 

26.91 

27.77 

27.75 

27.87 

27.43 

27.36 

27.85 

27.03 

26.89 

27.15 

28.34 





Ru2 + 


3 


28.47 




In 2 4 


3 


28.03 




N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 


5 


V 2 + 


3 


29.31 




As 2 + 


'3 


28.35 




Rb 1 + 


2 


27.28 




Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 


10 


Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 




Ti 2 + 


3 


27.49 




As 2 + 


3 


28.35 


1 5 


Tc 2 + 


3 


29.54 




Ru 2 + 


3 


28.47 




In 2 4 


3 


28.03 




N 1 + 


2 


29.60 




Al 2 


3 


28.45 


20 


V 2 + 


3 


29.31 




As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru 2 4 


3 


28.47 




N 1 + 


2 


29.60 


25 


Al 2 4 


3 


28.45 




V 2 + 


3 


29.31 




As 2 4 


3 


28.35 




Tc 2 4 


3 


29.54 




Ru 2 4 


3 


28.47 


30 


In 2 4 


3 


28.03 




Te 2 4 


3 


27.96 




Al 2 4 


3 


28.45 




V 2 4 


3 


29.31 




Tc 2 4 


3 


29.54 
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TI 2 4 


3 


29.83 




N 1 4 


2 


29.60 



Ce 


-1 1.20 


27.27 


Ce 


- 1 1 .20 


26.83 


Ce 


- 1 1 .20 


28.40 


Ce 


- 1 1 .20 


27.25 


Ce 


- 1 1.20 


28.1 1 


Fr 


- 1 0.46 


27.89 


Fr 


- 1 0.46 


26.82 


Fr 


- 1 0.46 


28.01 


Fr 


- 1 0.46 


27.57 


Fr 


- 1 0.46 


27.50 


Fr 


- 1 0.46 


27.99 


Fr 


- 1 0.46 


27.17 


Fr 


- 1 0.46 


27.03 


Ge 


-1 1.20 


27.15 


Ge 


- 1 1.20 


28.34 


Ge 


-1 1.20 


27.27 


Ge 


• 1 1.20 


26.83 


Ge 


■ 1 1.20 


28.40 


Ge 


• 1 1.20 


27.25 


Ge 


-1 1.20 


28.1 1 


Sn 


■1 1.25 


27.10 


Sn 


1 1 25 


28.29 


Sn 


1 1.25 


27.22 


Sn 


1 1.25 


28.35 


Sn 


1 1.25 


27.20 


Sn 


1 . 1 .25 


28.06 


Pb 


1 1.05 


27.30 


Pb 


1 1.05 


28.49 


Pb 


1 1.05 


27.42 


Pb 


1 1.05 


26.98 


Pb 


1 1.05 


26.91 


Pb 


1 1.05 


27.40 


Pb 


1 1.05 


28.26 


Po 


1 1.80 


27.74 


Po 


1 1.80 


28.03 


Po 


1 1.80 


27.80 
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P 2 + 


3 


30.18 




V 2 + 


3 


29.31 




Ga2 + 


3 


30.71 




Se2 + 


3 


30.82 


5 


Rh2 + 


3 


31.06 




Sn 2 + 


.3 


30.50 




Tl 2 + 


•3 


29.83 




N 1 + 


2 


29.60 




P 2 + 


3 


30.18 


10 


Cr 2 4 


3 


30.96 




Fe2 + 


3 


30.65 




As 2 4 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru2 + 


3 


28.47 


1 5 


In 2 + 


3 


28.03 




N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 




V 2 + 


3 


29.31 




As 2 4 


3 


28.35 


20 


Rb 1 + 


2 


27.28 




Ru 2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 


25 


Ar 1 + 


2 


27.63 




Ti 2 + 


3 


27.49 




As 2 + 


3 


28.35 




Rb 1 + 


2 


27.28 




Mo 2 + 


3 


27.16 


30 


Ru2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




At 2 4 


3 


28.45 




Ar 1 + 


2 


27.63 


35 


Ti 2 + 


3 


27.49 




As 2 4 


3 


28.35 



Po 


- 1 1 .80 


28.38 


Po 


-1 1.80 


27.51 


At 


- 1 2.80 


27.91 


At 


- 1 2.80 


28.02 


At 


- 1 2.80 


28.26 


At 


- 1 2.80 


27.70 


At 


- 1 2.80 


27.03 


At 


- 1 2.80 


26.80 


At 


- 1 2.80 


27.38 


At 


- 1 2.80 


28.16 


At 


- 1 2.80 


27.85 


Ge 


- 1 1 .20 


27.15 


Ge 


- 1 1.20 


28.34 


Ge 


- 1 1.20 


27.27 


Ge 


-1 1.20 


26.83 


Ge 


• 1 1.20 


28.40 


Ge 


- 1 1.20 


27.25 


Ge 


-1 1.20 


28.1 1 


Ga 


- 1 0.37 


27.98 


Ga 


- 1 0.37 


26.91 


Ga 


• 1 0.37 


28.10 


Ga 


• 1 0.37 


27.66 


Ga 


• 1 0.37 


27.59 


Ga 


• 1 0.37 


28.08 


Ga 


1 0.37 


27.26 


Ga 


1 0.37 


27.12 


In 


1 0.35 


28.00 


In 


1 0.35 


26.93 


In 


1 0.35 


26.81 


In 


1 0.35 


28.12 


In 


1 0.35 


27.68 


In 


1 0.35 


27.61 


In 


1 0.35 


28.10 


In 


1 0.35 


27.28 


In 


1 0.35 


27.14 


Ag 


1 1.30 


27.05 
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Tc 2 + 


3 


29.54 


Ag -1 


1.30 


28.24 


Ru2 + 


3 


28.47 


Ag -1 


1.30 


27.17 


N 1 + 


2 


29.60 


Ag -1 


1.30 


28.30 


Al 2 + 


3 


28.45 


Ag -1 


1.30 


27. 1 5 


V 2 + 


3 


29.31 


Ag -1 


1.30 


28.01 


ons and 


anions with n = 16 (resonance shrinkage energy 


is given b} 


y 27.21; with n 


= 16, the 


resonance shrinkage energy is 217.68) 


Atom 


n 


nth Ion 


Atom n 


nth Ion- 


Enerov 


Oxidiz 


- 


ization 


Reduced 


ization 


Hole 


ed 




Energy 




Enerny 


(eV) 






(eV) 




(eV) 




Be 3 + 


4 


217.71 


H - 1 


0.80 


216.91 


Be 3 + 


4 


217.71 


Li - 1 


0.61 


217.10 


Be 3 + 


4 


217 71 


B - 1 


0.30 


217.41 


Be 3 + 


4 


217.71 


C - 1 


1.12 


216.59 


Be 3 4 


4 


217.71 


O - 1 


1.47 


216.25 


P 5 + 


6 


220.43 


O - 1 


1.47 


218.96 


P 5 + 


6 


220.43 


F - 1 


3 45 


216.98 


Be 3 + 


4 


217.71 


Na - 1 


0.52 


217.19 


Be 3 + 


4 


21 7.71 


Al - 1 


0.52 


217.19 


Be 3 + 


4 


21 /. / 1 


Si - 1 


1.39 


216.32 


Be 3 + 


4 


21 /. / 1 


P - 1 


0.78 


216 94 


Be 3 + 


4 


217.71 


S - 1 


2.07 


215.64 


P 54 


6 


220.43 


S - 1 


2.07 


218.36 


P 54 


6 


220.43 


CI - 1 


3.61 


216.82 


Be 3 4 


4 


217.71 


K - 1 


0.69 


217.02 


Be 3 4 


4 


217.71 


Fe - 1 


0.56 


217.15 


Be 3 4 


4 


217.71 


Co - 1 


0.95 


216.76 


Be 3 4 


4 


217.71 


Cu - 1 


1.82 


215.89 


P 54 


6 


220.43 


Cu - 1 


1.82 


218.61 


P 54 


6 


220.43 


Br - 1 


3.36 


217.07 


Be 3 4 


4 


217.71 


Rb - 1 


0.30 


217.41 


P 5 + 


6 


220.43 


1 - 1 


3.06 


217.37 


Be 3 4 


4 


217.71 


Cs - 1 


0.30 


217.41 


Be 3 4 


4 


217.71 


Se - i 


1.70 


216.01 
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P 5 + 


6 


220.43 


Se - 1 


1.70 


218.73 






P 5 + 


6 


220.43 


To - 1 


2.20 


218.23 






Be 3 + 


4 


217.71 


As - 1 


0.60 


217.11 






P 5 + 


6 


220.43 


As - 1 


0 60 


219 83 


5 




P 5 + 


B 

V/ 


220 43 


Sb - 1 


2 00 


P1 ft 41 






Be 1 + 


4 


217 71 


Bi - 1 


0 70 


P1 7 n 1 






PS* 


\j 


C 41 V/ . o 


Ri - 1 


n 7n 


P 1 Q 71 






P s + 

1 *J -r 


A 








9 1 A 11 






P S 4. 






Ait - 1 

/All - 1 




9 1 A 11 


1 n 




Dtr O + 


A 


917 71 






Ol C 17 
c ID. 1 / 








c: 
u 


221/.** o 


Hg - 1 










oe j + 




9 17 7 1 
2 1 / . / 1 


AS - 1 


O.bu 


O 1 "7 4-1 

2 l /. 1 1 






r D + 


b 


22U.4 J 


AS - 1 


0.60 


21 9.83 






be o + 




21 / . / 1 


vje - 1 


1.20 


216.51 


1 

I D 




r b + 


b 


220.4 J 


vJe - 1 


1 .20 


21 9.23 






oe j + 




017 7 1 
Cl/./l 


r r - 1 


0.46 


21 7.25 






K O + 


b 


22U.4o 


r*r - i 


0.4b 


21 9.97 








A 


017 7 1 
1 / . / 1 


oO - 1 


1 .20 


O 4 r* r -« 

21 o.51 








D 


£*lU.40 


Ij6 - 1 




2 1 y .2 J 


c vj 




Rp 1 + 




£.11.1 I 


on - i 










P S + 


U 




Oil - J 




9 1 Q 1 P 






Bp 3 4 


4 


°1 7 71 


Ph - 1 


1 0^ 


9 1 k 

£l \ D.DD 






P 5 + 


6 


220 41 


Pb - 1 




910 in 






P 5 + 


6 


220 43 


Po - 1 




C. 1 O . D v> 


25 




P 5 + 


6 


220.43 


At - 1 


2.80 


217.63 






Be 3 + 


4 


217.71 


Ge - 1 


1.20 


216.51 






P 5 + 


6 


220.43 


Ge - 1 


1.20 


219.23 






Be 3 + 


4 


217.71 


Ga ■ - 1 


0.37 


217.34 






Be 3 4- 


4 


217.71 


In - 1 


0.35 


217.36 


30 




Be 3 + 


4 


217.71 


Ag -1 


1.30 


216.41 






P 5 + 


6 


220.43 


Ag -1 


1.30 


219.13 




Cations and anions with n = 54 (resonance shrinkage energy 


is given by 




2 


27.2 V; with n 


= 54, the resonance shrinkage energy is 734.67) 






Atom 


n 


nth Ion- 


Atom n 


nth Ion- 


Energy 


35 




Oxtdiz- 




ization 


Reduced 


ization 


Hole 
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5 



10 



1 5 



20 



25 



30 



35 



ed 




Energy 
(eV) 




Energy 
(eV) 


(eV) 


0 6 + 


7 


739.32 


H 


- 1 0.80 


738.52 


O 6 + 


7 


739.32 


Li 


- 1 0.61 


738.70 


0 6 + 


7 


739.32 


C 


- 1 1.12 


738.20 


O 6 + 


7 


739.32 


O 


- 1 1.47 


737.85 


O 6 + 


7 


739.32 


F 


- 1 3.45 


735.87 


O 6 + 


7 


739.32 


hta 


- 1 0.52 


738.80 


O 6 + 


7 


739.32 


AJ 


- 1 0.52 


738 an 


O 6 + 


7 


739.32 


Si 


- 1 1.39 


737 Ql 


O 6 + 


7 


739.32 


P 


- 1 0.78 


* o O . Z/H 


O 6 + 


7 


739.32 


s 


- 1 2.07 


717 OA 


O 6 + 


7 


739.32 


CI 


- 1 3 61 


f OO./U 


O 6 + 


7 


739.32 


K 




"7 0 0 CO 

/ OO.Dc! 


O 6 + 


7 


739.32 


Fe 




/ JO./D 


O 6 + 


7 


739.32 


Co 




/ Jo.JD 


O 6 + 


7 


739.32 


Cu 


- 1 1 82 


/ J / .4 J 


0 6 + 


7 


739.32 


Br 


- 1 3.36 




O 6 + 


7 


739.32 


1 


- 1 3.06 




O 6 + 


7 


739.32 


Se 


- 1 1.70 


717 fi1 


O 6 + 


7 


739.32 


Te 


- 1 2.20 


737 1 1 


O 6 + 


7 


739.32 


As 


- 1 0.60 


738 72 


O 6 + 


7 


739.32 


Sb 


- 1 2.00 


737 32 


O 6 + 


7 


739.32 


Bi 


- 1 0.70 


738.6 1 


O 6 + 


7 


739.32 


Tl 


- 1 2.10 


737.22 


0 6 + 


7 


739.32 


Au 


- 1 2.10 


737.22 


O 6 + 


7 


739.32 


Hg 


1 1.54 


737.78 


O 6 + 


7 


739.32 


As 


1 0.60 


738.72 


O 6 + 


7 


739.32 


Ce 


1 1.20 


738 1 1 


0 6 + 


7 


739.32 


Fr 


1 0.46 


738.85 


O 6 + 


7 


739.32 


Ge 


1 1.20 


738.1 1 


O 6 + 


7 


739.32 


Sn 


1 1.25 


738.07 


0 6 + 


7 


739.32 


Pb 


1 1.05 


738.27 


O 6 + 


7 


739.32 


Po 


1 1.80 


737.52 


0 6 + 


7 


739.32 


At 


1 2.80 


736.52 


D 6 + 


7 


739.32 


Ge 


1 1.20 


738 1 1 
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o 


6 + 


7 


739.32 


Ga 


- 1 


0.37 


738.95 


o 


6 + 


7 


739.32 


In 


- 1 


0.35 


738.97 


o 


6 + 


7 


739.32 


Ag 


- 1 


1.30 


738.02 



Some representative couples comprising a cation and a molecule capable 
of producing energy holes for shrinking deuterium atoms where the 
molecule is reduced. The number in the column following the ion or 
molecule, (n), is the nth ionization energy of the atom or molecule. For 
example, Ga 2 + + 30.71 eV = Ga 3 + + e~ and 8F3 + e' - BF3 + 2.65 eV. 



Atom 




nlh Inn- 

1 III i IVJII 


Miuiii n 


nm ion- 


Energy 


Oxidiz- 




i 7 £i t in n 


ritJUUCeu 


ization 


Hole 


ed 




c i it?iy y 
\VV) 




Energy 
(ev) 


(eV) 


Ga 2 + 


3 


30.71 


BFi - 1 

or j 1 




ZO.UO 


Se 2 + 


3 


30.82 


BF'* - 1 


? RS 


Oft 1 7 


Tc 2 4 


3 


29.54 








Rh 2 + 


3 


31.06 


BF-* - 1 


2.65 


PR 4 1 


Sn 2 + 


3 


30.50 


BFq - 1 


2.65 




Tl 2 + 


3 


29.83 


BP-} - 1 


2.65 


?7 1 ft 


N 1 + 


2 


29.60 


BF-3 - 1 


2.65 


26 9 S 


P 2 + 


3 


30.18 


BF 3 - 1 


2.65 


27.53 


Cr 2 + 


3 


30.96 


BF3 - 1 


2.65 


28.31 


Fe 2 + 


3 


30.65 


BF 3 - 1 


2.65 


28.00 


Se 2 + 


3 


30.82 


NO2 - 1 


3.91 


26.91 


Rh 2 + 


3 


31.06 


NO2 - 1 


3.91 


27.15 


Xe2 + 


3 


32.10 


N02 - 1 


3.91 


28.19 


Pb 2 + 


3 


31.94 


NO2 - 1 


3.91 


28.03 


K 1 -* 


2 


31.63 


N02 - 1 


3.91 


27.72 


Cr 2 + 


3 


30.96 


N02 - 1 


3.91 


27.05 


As 2 + 


3 


28.35 


0 2 -1 


0.45 


27.90 


Rb 1 + 


2 


27.28 


O2 -1 


0.45 


26.83 


Ru 2 + 


3 


28.47 


O2 -1 


0.45 


28.02 


In 2 + 


3 


28.03 


0 2 -1 


0.45 


27.58 


Te 2 + 


3 


27.96 


O2 -1 


0.45 


27.51 


Al 2 + 


3 


28.45 


O2 -1 


0.45 


28.00 


At 1 + 


2 


27.63 


o 2 -i 


0.45 


27.18 


T. 2 + 


3 


27.49 


02 -1 


0.45 


27.04 
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As 2 + 


3 


28.35 




Tc 2 + 


3 


29.54 




Ru 2 + 


3 


28.47 




Tl 2 + 


3 


29.83 


5 


N 1 + 


2 


29.60 




AJ 2 4 


; 3 


28.45 




V 2 + 


3 


29.31 




Ga2 + 


3 


30.71 




Se 2 + 


3 


30.82 


10 


Tc 2 + 


3 


29.54 




Rh2 + 


3 


31 .06 




Sn 2 + 


3 


30.50 




Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 


1 5 


P 2 + 


3 


30. 1 8 




Cr 2 + 


3 


30.96 




Fe 2 4 


3 


30.65 




Ga 2 + 


3 


30.7 1 




Se 2 + 


3 


30.82 


20 


Rh 2 + 


3 


31.06 




Sn 2 + 


3 


30.50 




Tl 2 + 


3 


29.83 




P 2 + 


3 


30.18 




Cr 2 + 


3 


30.96 


25 


Fe 2 + 


3 


30.65 




Tc 2 + 


3 


29.54 




Tl 2 4 


3 


29.83 




N 1 4 


2 


29.60 




P 2 4 


3 


30 1ft 


30 


V 2 4 


3 


29.31 




As 2 4 


3 


28.35 




Tc 2 4 


3 


29.54 




Ru2 + 


3 


28.47 




In 2 4 


3 


28.03 


35 


N 1 4 


2 


29.60 




Al 2 4 


3 


28.45 



SF 6 


1 1.43 


26.92 


SFg 


1 1.43 


28.11 


SF6 


1 1.43 


27.04 


SF 6 


1 1.43 


28.40 


SF6 


1 1.43 


28.17 


SF 6 


1 1.43 


27.02 


SF6 


1 1.43 


27.88 


WF6 


1 2.74 


27.97 


WF6 


1 2.74 


28.08 


WF6 


1 2.74 


26.80 


WF6 


1 2.74 


28.32 


WF6 


1 2.74 


27.76 


WF6 


1 2.74 


27.09 


WFs 


1 2-74 


26.86 


WF6 


1 2.74 


27.44 


WF6 


1 2.74 


28.22 


WFfs 


1 2.74 


27.91 


UF6 


1 2.91 


27.80 


UF6 


1 2.91 


27.91 


UF6 


1 2.91 


28.1 5 


UF6 


1 2.91 


27.59 


UF 6 


1 2.91 


26.92 


UF 6 


1 2.91 


27.27 


UF 6 


1 2.91 


28.05 


UF 6 


1 2.91 


27.74 


CF 3 


1 1.85 


27.69 


CF 3 


1 1.85 


27.98 


CF 3 


1 1.85 


27.75 


CF3 


1 1.85 


28 33 


CF 3 


1 1.85 


27.46 


CCI3 


1 1.22 


27.13 


CCI3 


1 1.22 


28.32 


CCI3 


1 1.22 


27.25 


CCI3 


1 1.22 


26.81 


CCI3 


1 1.22 


28.38 


CCI3 


I 1.22 


27.23 
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10 



15 



20 



25 



30 



35 



V 2 + 


3 


29.31 


CCI 3 


1 1.22 


28.09 


Ga2 + 


3 


30.71 


SiF3 


1 3.35 


27.36 


Se 2 + 


3 


30.82 


SiF 3 


1 3.35 


27.47 


Rh2 + 


3 


31.06 


SiF 3 


1 3.35 


27.71 


Sn 2 + 


3 


30.50 


SiF 3 


1 3.35 


27.15 


P 2 + 


i 3 


30.18 


SiF 3 


1 3.35 


26.83 


K 1 + 


2 


31.63 


SiF 3 


1 3.35 


28.27 


Cr 2 + 


3 


30.96 


SiF 3 


1 3.35 


27.61 


Fe 2 + 


3 


30.65 


SiF 3 


1 3.35 


27.30 


As 2 + 


3 


28.35 


NH2 


1 1.12 


27.23 


Tc 2 4 


3 


29.54 


NH2 


1 1.12 


28 42 


Ru 2 + 


3 


28.47 


NH2 


1 1.12 


27 35 


In 2 + 


3 


28.03 


NH2 


1 1.12 


26.91 


Te 2 + 


3 


27.96 


NH2 


1 1.12 




N 1 + 


2 


29.60 


NH2 


1 1.12 


28 4ft 


Al 2 + 


3 


28.45 


NH2 


1 1.12 


27 33 


V 2 + 


3 


29.31 


NH2 


1 1.12 


28. 1 9 


Tc 2 + 


3 


29.54 


PH 2 


1 1.60 


27.94 


Ru2 + 


3 


28.47 


PH 2 


1 1.60 


26.87 


Tl 2 + 


3 


29.83 


PH 2 


1 1.60 


28.23 


N 1 + 


2 


29.60 


PH 2 


1 1.60 


28.00 


Al 2 + 


3 


28.45 


PH 2 


1 1.60 


26.85 


V 2 + 


3 


29.31 


PH 2 


1 1.60 


27.71 


Tc 2 + 


3 


29.54 


CH 


1 1.83 


27.71 


Tl 2 * 


3 


29.83 


CH 


1 1.83 


28.00 


N 1 + 


2 


29.60 


CH 


1 1.83 


27.77 


P 2 + 


3 


30.18 


CH 


1 1.83 


28.35 


V 2 + 


3 


29.31 


Ql 


1 1.83 


27.48 


Tc 2 + 


3 


29.54 


SH 


1 2.19 


27.35 


Sn 2 + 


3 


30.50 


SH 


I 2.19 


28.31 


Tl 2 + 


3 


29.83 


SH 


I 2.19 


27.64 


N 1 + 


2 


29.60 


SH - 1 


I 2.19 


27.41 


P 2 + 


3 


30.18 


SH - 1 


2.19 


27.99 


V 2 + 


3 ■ 


29.31 


SH - 1 


2.19 


27.12 


Fe 2 + 


3 


30.65 


SH - 1 


2.19 


28.46 


Ga2-f 


3 


30.71 


CN - 1 


3.17 


27.54 
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Se 2 + 


3 


30.82 


CN 


1 3.17 


27.65 


Rh2 + 


3 


31.06 


CN 


1 3.17 


27.89 


Sn2 + 


3 


30.50 


CN 


1 3.17 


27.33 


P 2 + 


3 


30.18 


CN 


1 3.17 


27.01 


K 1 + 


2 


31.63 


CN 


1 3.17 


28.45 


Cr 2 + 


' 3 


30.96 


CN 


1 3.17 


?7 7q 


Fe 2 + 


3 


30.65 


CN 


1 3.17 


27 4ft 


Tc 2 + 


3 


29.54 


SCN 


1 2.17 


27 17 


Sn 2 + 


3 


30.50 


SCN 


1 2.17 


tO.JO 


Tl 2 + 


3 


29.83 


SCN 


1 2.1 7 


27 fift 


N 1 + 


2 


29.60 


SCN 


1 2 17 


27 4^ 


P 2 + 


3 


30.18 


SCN 


1 9 17 


9p n 1 


V 2 + 


3 


29.31 


SCN 


1 p 17 


97 1 /! 


Fe 2 + 


3 


30.65 


SCN 


1 9 17 


9D /I O 


Ga 2 + 


3 


30.71 




1 9 PM 




Se 2 + 


3 


30.82 




1 9 


OQ 1 Q 

do . 1 o 


Tc 2 + 


3 


29.54 




1 9 CM 




Rh 2 + 


3 


31.06 


SeCN 


1 2.64 


28.42 


Sn 2 + 


3 


30.50 


SeCN 


1 2.64 


27.86 


Tl 2 + 


3 


29.83 


SeCN 


1 2.64 


27.19 


N 1 + 


2 


29.60 


SeCN 


1 2.64 . 


26.96 


P 2 + 


3 


30.18 


SeCN 


1 2.64 


27.54 


Cr 2 + 


3 


30.96 


SeCN 


1 2.64 


28.32 


Fe 2 + 


3 


30.65 


SeCN 


1 264 


28.01 



Cations and molecular anions with n = 16 (resonance shrinkage energy is 
n 

given by 2 27.21 with n = 16. the resonance shrinkage energy is 217.68) 

Atom n nth Ion Energy 

Reduced ization Hole 

Energy (eV) 
(eV) 

BF3 • 1 2.65 217.78 

N02 - 1 3.91 216.52 

02 - 1 0.45 217.26 

02 - 1 0.45 219.98 

SF6 -1 1.43 216.28 



Atom 


n 


nth Ion- 


Oxidiz- 




ization 


ed 




Energy 
(eV) 


P 5 + 


6 


220.43 


P 5 + 


6 


220.43 


Be 3 + 


4 


217.71 


P 5 4 


6 


220.43 


Be 3 + 


4 


217.71 
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P 5 + 


6 


220.43 


SF6 


- 1 1 .43 


219.00 


P 5 + 


6 


220.43 


WF 6 


- 1 2.74 


217.69 


P 5 + 


6 


220.43 


UF 6 


- 1 2.91 


217.52 


P 5 + 


6 


220.43 


CF 3 


-1 1.85 


218.58 


Be 3 + 


4 


217.71 


CCI3 


- 1 1.22 


216.49 


P 5 + 


-6 


220.43 


CCf 3 


- 1 1.22 


219.21 


P 5 + 


6 


220.43 


SiF 3 


- 1 3.35 


217.08 


Be 3 + 


4 


217.71 


NH2 


-1 1.12 


216.59 


P 5 + 


6 


220.43 


NH2 


-1 1.12 


219.31 


Be 3 + 


4 


217.71 


PH2 


1 1.60 


216.1 1 


P 5 + 


6 


220.43 


PH2 


•1 1.60 


218.83 


P 5 + 


6 


220.43 


CH 


1 1.83 


218.60 


P 5 + 


6 


220.43 


SH 


•1 2.19 


218.24 


P 5 + 


6 


220.43 


CN 


1 3.17 


217.26 


P 5 + 


6 


220.43 


SCN 


1 2.17 


218.26 


P 5 + 


6 


220.43 


SeCN 


1 2.64 


217.79 



Cations and molecular anions with n = 54 (resonance shrinkage energy is 
n 

given by ~ 27.21 with n = 54, the resonance shrinkage energy is 734.67) 



Atom 


n 


nth Ion- 


Atom n 


nth Ion- 


Energy 


Oxidiz- 




ization 


Reduced 


ization 


Hole 


ed 




Energy 

(eV) 




Energy 
(eV) 


(eV) 


O 6 + 


7 


739.32 


BF 3 - 1 


2.65 


736 66 


O 6 + 


7 


739.32 


NO2 - 1 


3.91 


735.41 


O 6 + 


7 


739.32 


02 - 1 


0.45 


730.86 


O 6 + 


7 


739.32 


SF 6 - 1 


1.43 


737.89 


O 6 + 


7 


739.32 


WF 6 - 1 


2.74 


736.58 


O 6 + 


7 


739.32 


UF 6 - 1 


2.91 


736.41 


O 6 + 


7 


739.32 


CF 3 - 1 


1.85 


737.47 


O 6 + 


7 


739.32 


CCI 3 - 1 


1.22 


738.10 


O 6 + 


7 


739.32 


SiF 3 - 1 


3.35 


735.97 


O 6 + 


7 


739.32 


NH2 - 1 


1.12 


738.20 


O 6 + 


7 


739.32 


PH2 - 1 


1.60 


737.72 


O 6 + 


7 


739.32 


CH - 1 


1.83 


737.40 


O 6 + 


7 


739.32 


SH - 1 


2.19 


737.13 
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0 6 + 7 739.32 CN - 1 3.17 736.15 

0 6+ 7 739.32 SCN - 1 2.17 737.15 

0 6+ 7 739.32 SeCN - 1 2.64 736.67 

The fusion of deuterium to ^He releases neutron which can effect the 
fusion of 6|_i to helium. In one embodiment of Coulombic Annihilation 
Fusion. 6 L j i s < present in the fusion reaction mixture of deuterium where 
fusion of deuterium further drives the fusion of 6 Li. 

Other atoms in addition to deuterium can be caused to fuse by 
Coulombic Annihilation as described for deuterium. 

The quantum of energy hole is calculated for the atoms involved and a 
reaction or process which removes this much energy and regenerates the 
atoms or molecules to be fused is effected until sufficient energy is 
removed from the Mills orbitals so that the internuclear distance is 
sufficient for the nuclear strong force to dominate the coulombic 
repulsive lorce. Fusion then occurs. 

Fusion Reactor 

The fusion reactor 50, shown in Figure 6 comprises a vessel 52 which 
contains the fusion reaction mixture 54, a heat exchanger 60. and a steam 
generator 62 where the heat exchanger 60 absorbs heat released by CAF 
and exchanges it with the steam generator 62 which absorbs heat from the 
exchanger 60 and produces steam The fusion reactor 50 further comprises 
a turbine 70 which receives steam from the steam generator 62 and 
supplies mechanical power to a power generator 80 which converts the 
steam energy into electrical energy, which is received by a load 90 to 
produce work or for dissipation. 

The fusion reaction mixture 54 comprises a source ol deuterium atoms 
56 or a source of molecular deuterium, and a source of energy holes 58 

which resonantly remove ~ 27.21 eV; n = 2. 3. 4 of energy from 

deuterium to effect shrinkage to the point of fusion. The source of 
deuterium can be deuterium gas, electrolysis of deuTeriunToxide, 
deuterium from hydrides, or deuterium from metal-deuterium solutions. 

A source of energy holes comprises a catalytic energy hole material 
58. typ.cally comprising electrochemical couples including the catalytic 
couples described in the Coulombic Annihilation Fusion Section. Thus, an 
exemplary fusion reaction mixture is molecular deuterium a salt of Pd2 + 
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and a lithium+ salt. Palladium absorbs molecular deuterium and the 
Pd 2+ /Li + catalytic system effect resonant shrinkage of deuterium to the 
point of fusion. In one embodiment, the lithium is 6 Li in which case the 
neutrons released from fusion of deuterium effects the fusion of *>Li to 
helium. 

In other embodiments, the fusionable material is one of any element of 
the periodic chart, and the energy of the holes of the said source of energy 
holes is resonant with the Mills orbital shrinkage energy which is 
calculated using Mills mechanics of the present invention and described 
for deuterium in Appendix VI. 

In the preferred embodiment. ?H, 3h, or 6 Li is used as the fusionable 
material. 

In all embodiments, the source of energy holes is one or more of an 
electrochemical, chemical, photochemical, thermal, free radical, sonic, or 
nuclear reactions, inelastic photon or particle scattering reactions. 

In the latter two cases, the present invention of a fusion reactor 
comprises a particle and/or photon source to supply the said energy holes. 

In all reaction mixtures a selected external energy device 75. such as 
an electrode may be used to supply an electrostatic potential or a current 
to decrease the activation energy of the resonant absorption of an energy 
hole. 

In another embodiment the lusion mixture 54, further comprises a 
surface or material to absorb atoms and/or molecules of the fusionable 
material 56. Such surfaces or materials to absorb deuterium, or tritium 
comprise transition elements and inner transition elements including iron, 
platinum, palladium, zirconium, vanadium, nickel, titanium. Sc. Cr, Mn. Co, 
Cu, Zn. Y, Nb, Mo, Tc, Ru. Rh. Ag. Cd. La. Hf. Ta. W. Re. Os. Ir. Au. Hg. Ce. Pr, 
Nd, Pm, Sm. Eu, Gd. Tb. Oy. Ho, Er, Tm. Yb. Lu, Th. Pa. and U. 

Experimental 

S. Pons, et al, have demonstrated cold fusion with an electrochemical 
cell that electrolyzes deuterium oxide to deuterium at a palladium 
electrode with lithium as the counter ion. That excess heat is released and 
that some fusion of deuterium is detectable is apparent by the present 
invention. The third ionization energy of palladium is 32.93 eV and the 
first ionization energy of lithium is 5.392 eV. This system can 
catalytically generate energy holes of 
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32.93 eV - 5.392 eV = 27.538 eV 
The catalytic reaction is given in the Coulombic Annihilation Fusion 
Section. ^The quantum of energy needed to decrease a Mills orbital by 

a °* nT * nl * ' S 27 21 eV - The ener 9y difference between 27.538 eV and 
27.21 eV is carried by a phonon or a translations or rotational mode. CAF 
occurs at a slower rate when sodium or potassium is used as the 
electrolyte because the energy hole produced by the Pd2+/Na+ system is 
27.791 eV and the energy hole of the Pd2+/K+ system is 28.589 eV 

The energy holes of the Pd2+/Li+ system are closer to the resonance 
quantum of 27.21 eV. Thus, it is not surprising that lithium is a superior 
counter ion to effect CAF. 

That cold fusion at a titanium electrode has been observed by S. E. 
Jones et al to proceed a faster rate than with the Pd2+/ Li+ catalytic 
system is not surprising in that the catalytic reaction involves only one 
atom as the catalyst, and the third ionization energy of titanium is 27 491 
eV wh.ch is close to the shrinkage quantum of 27.21 eV. The catalytic 
reaction appears in the Coulombic Annihilation Fusion Section. 

27.21 eV of heat is released during a radius reducing cycle of (he Mills 
orb.tal of the deuterium atom in the Pons and Jones systems 
Approximately 100 KeV of heat energy is released by the shrinkage 
process before the nuclei approach sufficiently for fusion to occur This 
heat is unaccountable by both research groups. Interestingly, this 
unaccountable heat was observed in electrochemical cells with palladium 
electrodes. Group I cation electrolytes; and aqueoys_solutions as long ago 
as 1924 by J.rsa (Jirsa. F.. Z. Physik, CJhem, 113. 241 (1924)). Thus Pons 
and Jones' observation of the phenomenon of heat release due to resonant 
Mills orbital shrinkage is not the first. 

Furthermore, physicist Francesco Scaramuzzi effected cold fusion of 
deuter.um gas using shavings of titanium; whereas, in 1973. Called, et 
al.. (Catfett. D. S.. et al.. The Journal of Chemical Physics. 58(8) . p. 3432. 
(1973)) diffused deuterium gas into palladium and measured no fusion 
products by sens.Hve mass spectroscopy. According to tho preset model 
of the atom. CAF was catalyzed by Ti2 + in the former experiment and CAF 
was not possible in the latter duo to the absence of the second element of 
a two-element catalytic couple such as Li+ of the Pd2+/t_i+ couple. 
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Further Applications 
Mills Mechanics, the present invention, is a means to derive a complete 
quantitative description of any atom, molecule, or material. The said 
descriptions can be used to device novel molecules, materials, and 
5 electronic devices; thus, they can eliminate much experimentation. And, 
they can be used to interpret the results of experimentation. 

For any atom, the radii of all Mills orbitals are calculated using the 
balance of forces as described in the One Electron Section, the Two 
Electron Section, and the Three Electron Section. The orbital energies are 
0 then calculated as described in the said sections to give the complete 
mathematical description of any atom or ion. Thus, with the selection 
rules, described in the Section Rules Section, together with the orbital 
energies and the principle of conservation of energy, all transitions are 
given. 

5 Bonding is calculated by minimizing the total energy stored in the 

electric and magnetic fields of the participating atoms as described in the 
Nature of the Chemical Bond Section. The resulting minimum for all atoms 
describes exactly any molecule or material. The physical properties can 
then be calculated from the following parameters: 

0 1.) coordinates of the nuclei and Mills orbitals; 

2. ) (he bond and orbital energies 

3. ) the bond energy as a function of said coordinates 

4. ) population of Mills orbitals (e.g., unpaired electron or two spin 

paired electrons in a given orbital) 
> Furthermore. Mills mechanics is a means to calculate reaction 
coordinates as energy surfaces that describe the intermediates of a 
reaction; thus, reaction mechanisms are given. With this knowledge, novel 
syntheses and products can be engineered, catalysts can be developed, and 
yields of the desired products increased. Also, phenomenon which occur 
too rapidly to be observed or have yet to be discovered (recent examples 
are cold fusion and high transition temperature superconductors) are 
described exactly via Mills mechanics which provides a complete 
description of matter on the atomic and molecular level. 
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Appendix J 

Proof that the condition for radiation by a charge density function is 
that it possesses components of its space-time Fourier Transform which 
are synchronous with waves traveling at the speed of light is given 
Charge obeys superposition; thus, only a point charge need be considered. 
The proof starts with the Fourier components of the current produced by 
the moving charge. The electric field is found from the vector wave 
equation in Fourier space (k. a, space). The inverse Fourier transform is 
carried over the magnitude of k. The resulting expression demonstrates 



lhat the radiation field is proportional to J ± (^n ,o>), where J^k.o) is the 



space-time Fourier transform of the current perpendicular to k and n = — 

• ,k |k ' 
. mus. the necessary condition for radiation by the charge is that its 

space-time Fourier transform possesses components which travel at the 
speed of light. 

II. The Source and Its Fourier Transforms 

Consider a charged particle of charge q and position 7 0 {t). The charge 
density of the particle is described by 

P(7. t) =q$[7 -7 0 (t)] (21) 

where 8( r - r 0 ) is the spatial unit impulse function. The current density 
is 

J( 0 = q7 0 (t)6[7 - 7 o (0J . (2.2) 
The spatial Fourier transform represents the current density as a 

superposition of spatial exponentials, exp -j k- 7. 

J( k. t) = / / Jd3 kq7 0 (t)5(7- 7 0 (t)j expf-i k 7) (2.3) 

«qr 0 (t) exp(-i k- 7 0 ) 
The full space time Fourier transform is of course. 
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J(k, w)= J | | Jdtd3k J(r,t) exp(-i k- r) exp(icot) (2.4) 
The inverse Fourier transform is 

J( f . «) = (^) 4 I du> J j J dk3j(k.o>) exp(i k- 7) exp(-icot) (2.5) 

III. The Electromagnetic Field 
The electric field obeys the vector wave equation 

_ _ - 1 S 2 E 6J 

Vx(VxE) + c2itT = -^i[ (3.1) 

The space-time Fourier transform of the vector wave equation is: 
- - - _ to? _ 

k x [ k x E(k.o>) ] + E(k.co) = -ico t ioJ(k.to) (3 2) 



In the far-field, only the component perpendicular Jo k is ol interest. 
1 0 Concentrating on this component one has 

E ,t:,^ ^MonxJnxJ(M]j ] 

E ±( k .*>) = k2.o,2/ C 2 " (3-3) 



with 



- Jl 

n = |k| (34) 
IV. The Inverse Spatial Fourier Transiorm 
1 5 The inverse space-time Fourier transform involves the integrals 



J-~exp(-io)t)(^) 3 JJ/d3kexp{ikr 



We shall retain the Fourier transform with respect to time and thus 
not carry out the integration over to. But we shall focus on a spectral 



width d(o of the field and thus write down expressions !or E (r.o))— We 
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separate the integrals into an integral over the magnitude of k. and into a 

double integral with respect to the angles 6 and <}> of k with respect to 7. 
- _ do do , i 3 c t 
E l (r ' w) ^ = Ji d ^sinO 



_ nx[nx J(k > (o)] 

icon 0 k2dk k2 _ ^ 2/c2 - exp(ik r) (4.1) 

The last integral can be carried out by contour integration; For k 7 > 0. 
the contour must be closed into the negative imaginary half plane of k 
with the result 



- - do 1 2 o 2 to f f 



dcfrdOsinQ 
4k 



Vlk> - r -co _ (o — _ 

— cnx[nxj{- n,u))3exp(i- n-r) (4.2) 

This expression may be rewritten in a way that lends itself to an 

appealing interpretation. The density of {linearly polarized) modes per 

unit volume and unit solid angle, p(o),Q). is 

, ~v , 1 w 2 co dft 

P(«.0) = d*dn = -(-)d<-)- (4.3) 



With this definition, one has 
p(w,Q)dcodn 



_ - dw ^ 
E ± (f>0)) ?7 = o~ 




Ifo 



___(!) — (D 

nx[nxj(- n,co)Jexp(i- n r) (4.4) 



The field ^(r.to)^ is proportional to -J(" n.w) namely, the Fourier 

component for which k = us/c. Factors of co that multiply the Fourier 
component of the current are due to the density of modes per unit volume 
and unit solid angfe. An unaccelerated charge does not radiate in free 
space, not because it experiences no acceleration, but because it has no 
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Fourier component. 



Indeed, from (2.3) 



- (O _ 

J(~ n,o)) 



J{k,a>) « Jdtqv exp(-ik vt + io> t) 

= 2jiqv5(co - K v) (4,5) 
The only nonzero Fourier components are for 

O) 0) 



k = 

VC0S9 c 



(4.6) 



where 0 is the angle between v and k. The reason for the radiation of 
an accelerated charge is that the Fourier decomposition of the current 
10 acquires Fourier components that are "synchronous" with the light 

velocity, i.e. with the propagation constant [k| - ~ . Thus, for example, an 



w 
c 

oscillating charge 
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r 0 (t) = d sino> 0 t (4 7) 

has a Fourier spectrum 
— — Qti>od 

J(k.co) = -^-J m (kcosGd){6[6> - (m + 1)o> 0 ] + 5[co - (m - i)a> 0 )} (4.8) 

where the Jm *s are Bessel functions of order m. These Fourier components 
can. and do, acquire phase velocities that are equal !o the light velocity. 
For small kd only m = 0 remains and is approximately independent of k t 

J 0 (~cosGd) ± 1. 
c 

20 V. Integration Over Angles 

Starting with (4.2). we note that the exponential is a strong function 

of 8 whereas the component n x [ n x J] varies much more slowly and thus 
can be pulled out from under the integration. We have to integrate an 
expression ol the form 
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2k 
r 



1 fa) ? dfa) 
2n c3 



7t 



f d»d8sin0 o) _ 1 w do to _ 

J ~7T~ exp(, c C0S6 f ) = " 2 1 c^ ex P( j c ? ) 



0 



whefe the upper limit on 0 is ignored because of the rapid variation of the 

exponent. With this result introduced in (4.2) one has 

- da> dw i /mow _ <u „ o)__ 
E l (r,W, 2i"2ii4; V^C~r nX ^ xJ (c n -^ ex ^c nf) < 5 - 1 ) 

Here, n is the direction of the radius vector 7. We note now that a factor of 
w appears in front of the current. One may therefore interpret the source 
as containing the acceleration where -io represents differentiation with 
respect to the time coordinate. 

It seems more natural to attribute the factor to the integration over 
all the modes, in parlicular because then Cherenkov radiation presents 
less of a mystery. Cherenkov radiation is produced by an unaccelerated 
particle, but since the velocity of light is less than c. the particle current 

can have Fourier components synchronous with - A/ — where c is 

c V (o 

the dielectric constant of the medium. 

Appendix II 

Space-time Fourier transform of Mills orbitals. 
The space-time Fourier transform in three dimensions in polar 
coordinates is given as follows: 

_ /°° in (2k 

G(S,0,<i> f CO) - g(r, 9, <{>, t)exp (-/27tsrlcos 0 cos 9 ♦ 

Jo Jo h 

sin 0 sin 9 co$«b-<]>) ♦ tj) r 2 sin 9 dr d9 d(b dl 

271 Y 

with circular symmetry. 

6(S,0) - 2Jl[ | K g(r, 0 ) J 0 (27tsr sin 0 ,| n 9) e H p <-/27lsr cos 0 
JO JO 

cos 9) r 2 sin 9 dr d9 
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with spherical symmetry. 



C(S) - 47t[ g(r) $lnc (2$r) r 2 dr 
JO 



For separable variables 

f(r) g(8) h«}» k(t) <— -> fit) 6(0) H(<1>) K((0) 

Mills orbitals are separable into a product of functions of independent 
variables, r, 0 . v , and t. The radial functions are delta functions. The time 
functions are of the form eK the angular functions are spherical 
harmonics, sin or cosine trigonometric functions or sums of these 
functions, each raised to various powers. The space-time Fourier 
transform is derived of the separable variables for the angular space 
function of sin <> and sin 0. it follows from the space-time Fourier 
transform given below that other possible spherical harmonics angular 
functions give the same form of result as the transform of sin 9 and sin 

The space Fourier transform of f(r) - 5(r-r 0 ) is given as follows' 

r($) - 47t| 8(r - ri) $ inc(2sr) f 2 dr 
A) 

r($) - 47lrj 2 slnc(2srj) 

The space Fourier transform of g(0) = sin 0 is given as follows where 
there is no dependence on <t>: 

G(0) - ?nj^ |" „ n 9 Jo {7ntt $jn 0 „„ 0 , eHp | . CRfr ioj e co$ 0) 

»»n G f2 <jG <j r 
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6(0) - 271 r2$ln 2 0 J 0 (2Jtsr $ln 0 $ln 6) 

JO ;o 

cos (27lsr cos 0 cos 8) <J0 dr 

J V U) - 4 z) v I 2 

2 n-0 nl ^♦n*l) 

2 - 27lsr sln0 sln9 

6(6. - w[" f* ,2,.«2e ( I '•'" W '" e "" 9) ") 
Jo Jo „T 0 nl(n.l) 

co5(27lsrcos0 cos9) d0dr 

G<e)-2Kf~ M 71 £ < »)^rs.n0^ >tne 2(n,l) 
Jo Jo n -0 nlCoM) 
cos(27l$rcoi0 cos6) dGdr 

/0 Jo n -0 n (n " ,)! 

cos(2Ksrco»0 cosG) dGdr 

j U) . — 2 co$u los e )ljn 2\)0 d Q 

n^r(\)«J-) Jo 



2 2 
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B e tt))>-n/2),z-27isrco$e 



6(G) - 2Jl[°° r 2 £ P ^^^'mr si ne ) 2,v ,> 



1)1 



nl)r(V*J-)(7tsrco$0)u 

^^^^ s in 21)9 co,(27l,rcos0 co $ 0) d6dr 
2 2 



G(0) - 27tf°° r 2 £ H^'^ilne ) >fap|> 
Jo \). i \)(\) - 1)1 



2 2 (7lsr cos0) v 



(7lsrco$0)V n^)n\)*l) 
2 2 



— J o sin 2 ^9 co$(27lsrtos0 co$9)d9dr 



C(0) - 27lf °° r 2 £ (* Mjgfgr. 

Jo 7o v (v - i)i 

ni)n\)*i) 

'■ - - 2 J\)(27lsr co$ 0) dr 



In0 ) 2,u - ,, 



(7Ur co$0) v 

Hankel transform formula: 

I r-f/ 2 )(M)< !/2 > Ju(rs ) dr . $ <'/ 2 ) 
io 

Hankel transform relalionship: 
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f(„) < > g<y; })) . | y) < I /2 >J^f Hy ] d „ 

JO 

H m f(H) . m - 0. 1, 2... <- — - > - U(-*-)n>l 9 (m«U- l/2) g(y . m4<0)J 

[°° r \) r -(!/2) < r$) (l/2) j u ( rj) dr - $ n/2)-\> ( _JJ_,\), $ V\)-(l/2> 

Jo $ d$ 

J r Vj(!/2) Jv)(r , )dr .i!^ ( jL )V[s2Vj 

f °° r \J $(1/2) j (rs) dr . $ (1/2)-2\) *M s \) . 2UL s (>/2)-\> 



6(0) - 2n I f <-n v ''m»n»e ) ?Cx) 0 
ni)Hu^) 

— r v J^(2Ktrtot 0)dr 

(K* to$G)V 



letr- c dr - 



JUL 



271 cos 0 271 tot 0 



6(0) - 271 £ M> 0 "Mjl tin© 



'0 \)(\) DI 

nJ-)rcu»A) 

-2 2- d> J(tr , dr 

(Tit cot0)V (2ji cot©)^' 



6(9) - 271 £ (-D v l (7ttln0 )""" 
U-1 \) (\) - 1)1 
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* i m y \) 



The space Fourier transform of hfo) = sin * is given as follows where 
1 0 there is no dependence on 8. 

Apply change of variable to the Fourier transform of g(0) = sin e. 



15 



20 

f 

25 



9=><j> implies 0 = ><d 

The time Fourier translorm of wO-Rele.pUaM)) is given as 
ollows: 1 

| o co $ (0 0 t e H p(-/G)t) dt - Jj 1 1 5 (CO - CD, ) ♦ 6 <G) ♦ CO^f 



The space-time Fourier transform of a Mills orbital is of the followino 
form: y 

3 ° M($, O, <P, 03) - f(S) C(0) H{0) K(C0) 



35 



i23 



Mis,e,<D.(0)- <*nn 2 Jinc(2 tn > £ h iT'tatine,!^-" 

* 2 Ms-2\) 



^ t 8 (0) - G) 0 ) ♦ 5 (0) ♦ (0j)l 

The condition for radiation of a charge density function is given in 
Appendix I. The space-time Fourier transform of the charge density 
function must not have waves synchronous with waves traveling at the 
spee d of light, that is synchronous with o>n or synchronous with 



c V u 



c " where ( is the dielectric constant of the medium. Given {he 

angular velocity, a> = co n , the space-time Fourier transform of the Mills 
orbital is zero for 



2k 

S = — - when (||. i) 

2*(nr 1 ) = 2nr n = nl, = X n (11.2) 

where n = 1 

n = 2.3. 4, ... 

1 I I 
0 - 2 ■ 3 • 4 • " 

\\ is the allowed wavelength for n = 1 
ri is the allowed radius for n =1 



Thus, space-time harmonics of 




= k do not exist. 



Thus, radiation due to charge motion does not occur in any medium when 
this boundary condition is met. 
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Appendix IH 



The solution to the Schrodinger equation is a wave (unction y (x). An 
interpretation of y (x) is required. Schrodinger postulated that y (x) 
represents the amplitude of the particle in some sense, and because the 
intensity of a wave is the square of the amplitude the "intensity of the 
particle* is proportional to v *(x) v (x) [ v *(x) is the complex conjugate of 
V (x)}. A controversy arose over the meaning of intensity. Schrodinger 
considered e y *(x) y (x) to be the charge density or e y # (x) y (x) to be the 
amount of charge between x and x + dx. Thus, he presumed the electron to 
be spread all over the region. 

The electron has kinetic energy and angular momentum and energy 
must be conserved; thus, the motion of an electron must be time harmonic. 

It is demonstrated in Appendix I that emission of electromagnetic 
radiation occurs if the space-time Fourier transform possesses waves 
that are light synchronous with waves traveling at the speed of light ft is 
demonstrated below that the Schrodinger wave equations have such 
components; thus, they must radiate. That no radiation is observed 
demonstrates the invalidity of these equations as an accurate description 
of an electron. 

The angular functions of Schrodinger wave equations are spherical 
harmonics and their space-time Fourier transform is given in Appendix II 
as the transforms of g(8). hfo), and k(t). The radial solutions are of the 
form of a r raised to a power times a negative exponential of r. The space- 
time Fourier transform of the radial function f(r) = re~ r/a 0 follows: 





r 3 e-<r/o 0 ) * ln 2Jt(2sr) dr 
7l2$r 
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10 



15 



20 



25 



Letr-r/471, dr- (1/471) dr 



Jroo 
— tl? eHp — ) S i n r >j ^ 
0 H7t) 2 2Jts (4jc)o o 



M n e«»sln(Hy)dM-nl( ^ ) n ° 

70 a 2 ♦ y 2 



JU, 

»Z ^') m( 2m ., )( a } 

m-0 



Let m - r, S - y, a - l/47lo 0 , n - 2 



l/47tf fi e -«r/4Jl 0o ) jJn f$ df . l 

'0 f47n 2 ?7T« , 



° H7l) 2 2ns (47t) 3 27l, 
(»/4JCQ 0 ) 

(1/47lo 0 ) 2 ♦ j2 



30 I 

H £ 3 ) ( j )2m * 1 

m-0 2m ♦ | I/47to 0 
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Thus, the complete space-time Fourier transform of * ^ * 
5 wave equation is given as follows: 3 Schfod,n 9 er 



10 



WIS, 0,0,(0) J (2!)/_Ji£l^) x3 i 

( 3 )(— JL__)2m*| * m "° 



O© 



15 £ (-ir'<7uin4>)^-'> nijnv.i) 

d (i) - ni r~r~^ — — ll>l«-2i) 



CO 



vTo^oi — ~: — r — - — . im,-2\) 



4JC 15 (€0 - C0 o ) ♦ 5 (CD ♦ t0 o )J 



25 This transform has components ^ - k whirh arc , 

c K wn,ch not zero and are 
synchronous with waves traveling at the speed of linht tk 
density function given by the Schrodinge wave Q ua L ^ 
accordance with Maxwell's Equations. mUSt fadiate in 
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Appendix IV 

Derivation of .he Orbital Energy Stored in the Magnetic Fields of Two 
Paired Electrons 

Derivation ol the Magnetic Field 

Consider Figure 2; the magnetic field must satisfy the followino 
relationships; 9 

v " H - 0 in free space (|v ^ 

« x (H a - Hb ) - J? 



" • (Ha - Ht> ) = 0 



(IV.2) 



H = - V vj/ 



(IV.4) 



1 5 



= '*2 M r n 3 s,n0 (IV.5) 

Ha9 - Hb °=l j£ (.V.6) 
To obtain H 0 .,he derivative of y with respect to 8 must be taken and 
his suggests that the 0 dependence of T be taken as cos Q The field is 
hnite at the origin and is zero at infinity; so. solutions of Laplace's 

r 7e S : c s o~ coord,na,es are se,ec,ed *™ ^ - — 



-Ail 



COS0 : r <'n (IV. 7) 



^a[~] 3 COS0; 
20 The negative gradient of these potentials is 



r > r n (IV. 8) 



H = rf ^rcose - i e sin0) for r < r n 



h' = M.L]: 



(IV.9) 

•Mir2cos0 + igsinO) for r > r n (jv.10) 
The continuity cond.tions of Equations (IV.3). (IV.5). and (IV 6) and are 
apphed to obtain the following relationships among the variables 
25 lC 2A 

rn " r n (IV. 1 1) 

A , C _ 3 _eh 

r n r n " 2 M r n 3 (IV. 12) 

Solving , he variabfes algebfaica( » y gjves ^ ^ ^ ^ 



128 



electron: 

H 



_etL a A 
= Hr n 3 (,rCosG -'0 sin °) <orr<r n (IV 13) 

■ 2 M r3 ^ 2cos9 -'osinO) for r > r n (iv.14) 

Derivation of the Energy 

The energy stored in the magnetic field of two electrons is 

2n it » 

Emag =2 - n 0 J J Jn 2 r2sinGdrd0d(J> (IV 15) 
0 o 0 

Emag.lolal = Emag.externat + Emag.mtemal (IV. 16) 

2* n ri 

E mag,intemal = Mo J J J^^] 2 ( cos2 ° + san 2 0 ) r 2 5in9drded<|> (IV. 17) 
0 

4nn 0 e 2 h2 

= 3 M 2 r,3 (JV.18) 

CO 

2n n 

E nu,g.ex.crnal = M 0 J J J[ ] 2 (<,COs2 ° + si " 20 > r 2 sin0drdOd<J> (IV. 19) 
2;ni 0 e2ft2 

= 3 M 2 r t 3 (IV.20) 

4nM 0 e 2 h 2 2nji 0 e 2 h2 
tmag.,o,al = 3M2fj 3 * ^.21) 

tmag.total = ^,-,3 (IV.22) 
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Appendix V 
The Hydrogen Molecule 

H ^ n b 7/«TV aSily imernuc,ear for the dihydrogen 

H 2 is 0.748 A. Consider two hydrogen atoms. A and B, approaching each' 
other along the x-axis as shown in Figure 3. The radius of each Mills 
orbital is a 0 .,The electrostatic energy is 

^interaction = 2 * "jT ( o J AE 2 dv (v 1) 

We define this energy as E interac , ic)n Recall that the electric field is zero 
'or ' > a 0 . Until the orbitsphere penetrate the energy of interaction 

t interaction . 'S zero. 

As the atoms move closer, the Mills orbita.s beg.n to penetrate. When the 
penetration is small, as shown in Figure 4 E- , - cw.pacoc / 

v u interaction decreases (is 

negafrve) because mos, of .he elecfnc field vectors from nucleus A in ,he 
over, ap are pojmed , n ^ ^ ^ 

vectors from nucleus B. 

As the atoms move closer and the overlap increases the E , . wilt 
continue ,o decrease (become more negative). However.' the d"^ 
un.vo. ew,,, be smaller because a tower fraction o, the A-vectors 
w.n be ,n d.rect opposition to the B-vectors. Figure 5 shows the two 
racha, vectors and the net electric field vector (E AB ) tor the pomt of 
intersection of the Mills orbitals. 
We see that 

E = E - 
A ' 8 = (a 0 ) 2 ( v 2) 

EA2 + = (V-3, 



E xB = E xA 

E AB = E y A + EyQ = 2 E 



(V.4) 

From the angle 0. ™ ^* * " b V* (V 5) 

sin 0 = X- - ^ !ya 

*° ~ E A = K/aJ < v -6) 



c yK 



(V.7) 



EAB =2 (a^3 ( v.8, 
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Therefore. (Eab) 2 will be less than |(EA)2 + (EB)2 ) when 

4y2 K2 2K£_ 

(a c ) 6 < (a 0 )« (V.9) 

y2 < 2 0f y < (V.10) 



Thus, for y = 0 to y < a 0 ^ E inlefac|ion decreases. For y > a 0 /Vi Ejnleractjo 
-ncreases. And for y = a 0 /V2 . E inte , 3Clbn j s a minimum. When y = a 0 /V2 



RAB = xB = 2x ^ = Vi a 0 = 0.748 A (V.11) 



V2 

The experimental internuclear bond distance is 0.746 A 
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Appendix VI 

Calculation of the Resonant Energy Hole to Effect Shrinkage of the 
Radius of the Mills Orbital of the Deuterium Atom. 

For the deuterium atom, the force relationship is given as follows- 

f = 4jie 0 r2 

The boundary condition for nonradiative Mills orbrtals derived in 
Appendix II, 2nr = nX, gives: 

n 

v = — . 

pnpr C ° nS ^ r the ? C3Se Whefe the elec,ron in the ^ound state losses kinetic 

o th? m f ,0 a ° ine,aS,iC C °" iSi0n f ° r example ' ,hen «» 'adius 

of the M.lls orb.tal will shrink until the boundary condit.on is satisfied 

The amount of energy which must be carried away (i.e.. the magnitude of 

the energy hole absorbed) is calculated as follows: 

Let ri = initial radius. 

1 5 Let r 2 = final radius. 

The force balance is: 

Mv 2 _jeiL_ 

v V p°JrV n,r °K dUCed ^ 3 Pef ' Urba,ion of the v ^a W and the magnitude of the 

2 0 T ! , 96 ° f e ' eC,r0n Uom ,he ini,ial to ,ina » Mills orbital is 
2 0 calculated as follows: 



10 



25 



J 1 . .e 2 



' 2 M r I 4ne 0 f2- 

M, 2h „ e 2 

r 2 ^2- p -77 Vo + Vo2 ^4^ 

Vo 2 -^v O+ -fV--^-_ 0 
MM M 2 r,2 4n Co r 2 " U 



Vo = ^ ± ->f Min2_J_ Ji 2 1J _2 



2 



vo= JL ± J 

M'l V 



M4nc 0 r2 
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e2 _ h? 
4nt 0 ~ fia 0 



f rt V f 2 a 0 '2 

For the grpund slate, the radius ot the Mills orbital was determined in 
the Ooe Electron Atonr Section to be a 0 . Thus, the boundary condZt 
5 given as follows: 

2xa 0 = X 

From the boundary condition, 2*r = nX. with r < a 0 . the radius of any 
shrunken state is an integer fraction of the radius of the ground state 
Thus, for the first shrunken state 

1 n ?o_ 

r 2 = 2 . and in general 



r 2 = -r 



Substituting r, = a 0 and r 2 = 2fl intQ the re)ationshjp for ^ ^ 
na 0 Y M 2j 



Vo - - + A / -5^- 

M 2 a 0 2 

Ma 0 ua 0 
1 5 n=2,3.4 



The angular ve loc„ y o, the electron in ground state is .JL and , ho angular 

" 0 

velocity in the first shrunken state is — 

ua 0 

Cons.der the velocity of the centripetal force equation: 

u h „ 
— . Vo)2 = F c 

20 and the relationship resulting from the perturbation, 
w tt /- h 

±>/n ,7r n=2 3.4 



In order to satisfy the boundary conditions/the first term of V 0 -1 

'na 0 • 
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must be negative so that it adds to the initial velocity — to give the 
final velocity -— , and the kinetic energy due to the velocity component 

rJL 

ua 0 must be removed to effect the shrinkage transition. 

The magnitude of the energy hole which arises from this term is 
calculated as follows: 

E- )2 
d 2 pa 0 

r 1 h2 

2 M 2 a Q 2 
n=2,3,4 

Thus, the absorbed energy hole which effects shrinkage is quantized 
For the shrinkage transition n = 1 to n = 2. the resonant energy loss to 
shrink a Mills orbitat by a 0 ( ± - ± , where nj js ^ quan|um ^ 

the initial orbital and n 2 is the quantum number of the final orbital is 
given as follows: 

- 1 fl2 

E = r n r; n=2 

E = J»L = (1.05459 X 10-34^2 

l " Ma 0 2 (9.10953 X 10-31)(5.29177 X 10 'T)2 
E = 4.3598285 X 10-1 8j = 27.2 11 682eV 
Thus, shrinkage requires the electron to lose a resonance energy of - 

27.21 eV where n = 2. 3, 4 

Notice that absorption of an energy hole reduces the radius; whereas 
absorpt.on of energy as a photon increases the radius. The former 
.ncreases the coulombic force by the multiple of n; the latter decreases 
the coulombic force by the multiple of where n is the integer of the 

transition; thus, the force balance, and the boundary conditions for 
nonradiation are satisfied. 
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Appendix VII 
Detailed Description of Figure 1. Mills Orbitals 
Mills orbitals are obtained by adding a constant sphere which is 
normal.zed to a spherical harmonic which is normalized. This function is 
the charge density on the surface of the spherical delta function that 
comprises tfm.Mills orbital. The former can be consider the base charqe 
dens.ty whose, current gives rise to magnetic spin, and the latter can be 
considered a charge density function which creates modulation of the 
former and whose traveling wave of current gives rise to orbital angular 

zztj:vt char9e of the Mi,is ofbiiai ,or an ~ is e 

RTRMrTMoLT 0 " entit ' ed ENERGY/ MATTER INVERSION METHODS AND 
STRUCTURES filed April 21. 1989 is herein incorporated by reference 

and 11^ ' T 0 * 5 emb0diments **** »rom substitution 

and mod.f.cat.ons made by one of ordinary skill in the art are censored 
w.th,n the scope of the present invention. For instance, in the case o, 
energy release through lusion according to the present invention the 
fus.on materia. may include more than one element or molecule where 
correspond^ energy holes are provided for each lus.on element 
Therefore, the present invention is not limited except by the claims which 
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What is claimed is: 

1. A method of releasing energy, comprising the steps of- 
5 e.ec.rtbtr; " rS " e ' emenl °' ma " e ' **** 3 — « « one 

one SZZZZr' e ' emen ' °' ma " r ^ 3 "* * 

delermining (he resonance shrinkage energy levels ol ihe eleclron 

orbitals ol sari lirsi and second elements ol mailer 

proving two energy holes substantially equal lo each ol the 

resonance shr,„„a g e energy levels o, sa,d lirs, and second e.emems „, 

energy";::: 5 z:^:** and second eiamems « -«» - - 

' 5 the J" 51 "" !" ^ " fSl SCC ° nd e ' emen,S 01 * Educed when 

Ine'v ZZ , ' irS ' SeC ° nd e ' emenlS °' * ~ by sa« 

nucleus n hT Sa ' d e ' eC " 0n ° ,bi,i " S * Pe ' mil '<>'«* "om each 
nucleus ol sa,d t„s, and second element ol matter to be attractive to 
«orm a common nucteus. providing the release o. energy 
2- The method ol claim t. wherein- 
said tirs, o„ d second elomems 0 , ma „ e( con . pnse same 



of malter. 



25 



30 
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to, ( , 1 T , h8 ( me " >0ti °' cla ' m «">»««, said step ol providing an energy hole 
« men, jr;:r b ' a e,eTOn ' COmP " S " *• «"P - a thi 7 

•re onan " T * " >n '* a "° n ene,9y ^"slantiatty equal to the 

«• The method ol claim 3. lurther comprising the step ol t,ansle„,n„ 
energy between sa,q maposea lirs , and sec J e|emen( P 0 ' • 9 

externa, energy apparatus, said energy hole to control the rate LI 

eZio r 6 ' ela, r r va,ence oi sa,d ^ 

T method'? , ,°' ,i,S ' 8nd SeC ° nd e ' 0 ™"" »' 

eomp,,::: re or • wherein me s,ep oi - — ^ 

selechng a plural.ly ol elomonts ol mailer, each havino an 

T em eacn oi sa,d •*•*"» -,,e, 

S-.ec,ed to produce a ddlerenco in ionization energies subslantia „ y 
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equal to the energy resonance shrinkage energy of said first element of 

6. The method of cfaim 1. wherein said first and second elements of 
matter compr.se different elements of matter 
5 7 The method of claim 6. wherein said step of providing an energy hofe 
for each of s*id first and second elements comprises the step ot 

selectmg a third and fourth element of matter each having an 
jon.zat.on energy substantially equal to the resonance shrinkage energy of 
the respect.ve first and second elements 

1 ° t r ,h0d °' C ' aim 6l Wherei ° Said s,e P of P<™*"9 an energy hole 

'or each of said first and second e.ements comprising the step ot 

selectmg a plurality 0 f elements providing a difference in ion, , 
energies substantial, equal to a, .east o'ne of 

energy of sa.d first and second elements snnnkage 

15 L^:;rr P d : c,a,m 8 - - he ' e,n ,he s,ep - hote 

.o th^T"" 9 a " add " i0na ' e ' emenl pr ° v,ding an ^attor, ™<m equal 
o .he other resonance shrinkage energy o, said firs, and second eLe„, 
10. The method o, Cain, 5. lu r,he, comprises ,ho s,ep o, transtlq 
hehveen said iu„aposed Hrs, and second elemems o, ma 2 and 
externa, energy apparatus, said energy hote ,o conhol ,he rate o Lfon 

e,r/„,r r::;,:: ance shr,nka9e enew « saw - 

25 n. The method ot Cairn ,0. wherem the transle, ot energy is P(m , ided 

i°z::r™r app,,od e,ec, " c ' — * ■* ~ 

12. The method ot claim I. wherein the step o, de.ermmmg the 
the s,e T p h s°o7" ,0d °' C ' a "" Where ' n ^ ^ °' comprises 



35 



cen„i p e eTa a,in ( orce a """ *" " K ' 9m(K <°™ <*• •» 

de,ic,,; n Z UCm9 an en ° r9y ^ ' he - a vetocity 
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15 
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determining the energy hole by solving lor the energy in the velocity 
defeat where the boundary conditions of Mills orbital. 2ar = n\ is 
observed. 

14. The method of claim 1, wherein: 

5 said first and second elements of matter have an atomic number of 

26 or less. 

15. The method of claim 1. wherein the step of providing an energy hole 
comprises: 

providing a catalytic system. 

10 16. The method of claim 15. wherein the step of providing a catalytic 
system comprises: 

providing an electrochemical reactant comprising at least one of a 
cation and an anion. 

17. Apparatus for providing the release of energy, comprising: 

means for providing a first and second element of matter in a 
selected volume, each of said first and second elements having a nucleus 
and at least one electron at an orbital having a respective resonance 
shrrnkage energy level; and 

a substance introduced into said selected volume for providing an 
energy hole in juxtaposition with said first and second elements of 
matter, sa.d energy hole having a magnitude substantially equal to said 
resonance shrinkage energy, wherein: 

fusion of said first and second elements of matter is produced when 
the orb,tals of said first and second elements of matter are reduced due 
to removal of orbital energy. by said energy hole permitting forces from 
each nucleus of said first and second elements of matter to form a 
common nucleus, providing the release of energy. 

18. The apparatus of claim 17. wherein said substance composes at 
least a third element of matter having an ionization energy substantially 
equal to the resonance shnnkage energy of each of said first and second 
elements of matter. 

19. The apparatus of claim 18. wherein said substance further 
composes at least an additional element of matter having an .on.zation 
energy, wh.ch in combination with the ionization energy of said third 
element produce said energy hole substantially equal to the resonance 
shnnkage energy of at least one of said first and second elements of 
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matter. 

20. The apparatus of claim 18, wherein: 

said first and second elements of matter are the same elements. 

21. The apparatus of claim 20, wherein: 

5 said first and second elements of matter have an atomic number of 

26 or less. 

22. The apparatus of claim 18, wherein: 

said first and second elements of matter comprises one of 2 H, 3 H, 
6 Li; and 

0 said third element comprises Ti 2+ . 

23. The apparatus of claim 22, wherein said first and second elements 
of matter comprise deuterium and said third element comprises one of: 

single-ion capable of producing energy holes for shrinking deuterium 
atoms. The number following the atomic symbol (n) is the nth ionization 
5 energy of the atom. That is for example, Ti 2+ + 27.49 eV = Ti 3+ + e\ 

Catalytic ton n nth ionization energy 
AJ 2+ 3 28.45 

Ar 1+ 2 27.63 

Ti 2 + 3 27.4 9 

0 As 2+ 3 28.35 

Rb 1 + 2 27.28 

Mo 2 + 3 27.16 

Ru 2+ 3 28.4 7 

ln 2 + 3 28.03 

' Te 2+ 3 27.96 . 

n = 16 (resonance shrinkage energy is given by ~ 27.21; with n = 16, the 
resonance shrinkage energy is 217.68) 

Catalytic Ion n nth ionization energy 
8e3+ 4 217.71 

P 5+ 6 220 43 

24. The apparatus of claim 20, wherein: 

said first and second elements of matter comprises 2 H and 3 H; and 
said third and said additional element comprise Pd 2 + and Li+. 

2 5. The apparatus of claim 20. wherein said first and second elements 
of matter comprise deuterium and said third and fourth elements of 
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matter comprise on of the following two-ion couples: 

Two-ion couples capable of producing energy holes for shrinking 
deuterium atoms. The number in the column following the ion. (n) 
the nth ionization energy of the atom. That is for example. Pd2+ 
+ 32.93 eV = Pd3+ + e - and Li+ + e' = Li + 5.39 e V. 



Atom 
Oxidiz- 
ed 

Ne 1 + 
Ar 2 + 
Sn 3 + 
Pm3 + 
Sm 3 + 
Dy 3 + 
Kr 3 + 
Rb 3 + 
K 4 + 
Zn 4 + 
Se 5 + 
He 1 + 
Zr 4 + 
He 1 + 
Si 2 + 
Mn2 + 
Co 2 + 
Pd2 + 
I 2 + 
Hf 3 + 
Li 1 + 
Li 1 + 
Li 1 + 
Li 1 + 
Cu5 + 
Li 1 + 
Or 6 ■+ 



n 



2 
3 
4 

4 
4 

4 
4 
4 

5 
5 
6 
2 
5 
2 
3 
3 
3 
3 
3 
4 
2 
2 
2 
2 
6 
2 
7 



nth Ion- 
ization 
Energy 
(eV) 
40.96 
40.74 
40.73 
41.10 
41.40 
41.50 
52.50 
52.60 
82.66 
82.60 
81.70 
54.42 
81.50 
54.42 
33.49 
33.67 
33.50 
32.93 
33.00 
33.33 
75.64 
75.64 
75.64 
75.64 
103.00 
75.64 
103.00 



Atom 

Reduced 



H 1 + 
H 1 + 
H 1 + 

H 1 + 
H 1 + 
H 1 + 
He 1 + 
He 1 + 
He 2 + 
He 2 + 
He 2 + 
Rb2 + 
He 2 + 
Mo 3 + 
Li 1 + 
Li 1 + 
Li 1 + 
Li 1 + 
Li 1 + 
Li 1 + 
C 3 + 
N 3 + 
Na2 + 
S 4 + 
Li 2 + 
Br 4 + 
Li 2 + 



n 



2 
2 
2 
2 
2 
3 



3 

3 

2 

4 

2 

4 

2 



nth Ion- 
ization 
Energy 
(eV) 
13.60 
13.60 
13.60 
13.60 
13.60 
13.60 
24.59 
24.59 
54.42 
54.42 
54.42 
27.28 
54.42 
27.16 
5.39 
5.39 
5.39 
5.39 
5.39 
5.39 
47.89 
47.45 
47.29 
47.30 
75 64 
47.30 
75.64 



Energy 
Hole 
(eV) 

27.36 

27.14 

27.14 

27.50 

27 80 

27.90 

27.91 

28.01 

28.24 

28.18 

27.28 

27.14 

27.08 

27.26 

28.10 

28.27 

28.1 1 

27.54 

27.61 

27.94 

27.75 

28.19 

28.35 

28.34 

27.36 

28.34 

27.36 
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V 6 + 
Li 2 + 
Cu 2 + 
Kr 2 + 
Cd2 + 
Te3 + 
Ce3 + 
K 2 + 

V 3 + 
Ge3 + 
Mo 3 + 
8i 3 + 
Be 2 + 
Be 2 + 
Be 2 + 
Be 3 + 
Br 2 + 
Ce 3 + 
CI 3 + 
Kr 3 + 
Rb3 + 
B 2 + 
P 4 + 
B 2 + 
V 4 + 
B 2 + 
B 2 + 

B 2 + 
B 2 + 
B 2 + 
B 2 + 
B 2 + 
B 2 + 
B 2 + 
B 2 + 
B 2 + 



7 
3 
3 
3 
3 

. 4 

. 4 
3 
4 
4 
4 
4 
3 
3 
3 
4 
3 

4 

4 

4 

4 

3 

5 

3 

5 

3 

3 

3 

3 

3 
3 
3 
3 
3 
3 
3 



150.17 
122.45 
36.83 
36.95 
37.48 
37.41 
36.76 
45.72 
46.71 
45.71 
46.40 
45.30 
153.89 
153.89 
153.89 
217.71 
36.00 
36.76 
53.46 
52.50 
52.60 
37.93 
65.02 
37.93 
65.23 
37.93 
37.93 
37.93 
37.93 
37.93 
37.93 
37.93 
37.93 
37.93 
37.93 
37.93 



Li 3 + 
Mn 6 + 
Be 1 + 
Be 1 + 
Be 1 + 
Be 1 + 
Be 1 + 
Be 2 + 
Be 2 + 
Be 2 + 
Be 2 + 
Be 2 + 
Ne5 + 
Kr 8 + 
Mo 7 + 
Al 6 + 
B 1 + 
B 1 + 
B 2 + 
B 2 + 
B 2 + 
P 1 + 
B 3 + 
S 1 + 
B 3 + 
As 1 + 
Se 1 + 
I 1 + 
Ba 2 + 
Ce 2 + 
Pr 2 + 
Nd 2 + 
Pm 2 + 
Hg 1 + 
Rn 1 + 
Ra 2 + 



3 
6 



2 

2 

2 

2 

2 

5 

8 

7 

6 

1 

1 

2 

2 

2 

1 

3 
1 

3 
1 
1 
1 

2 

2 

2 

2 

2 

1 

1 

2 



122.45 
95.00 
9.32 
9.32 
9.32 
9.32 
9,32 
18.21 
18.21 
18.21 
18.21 
18.21 
126.21 
126.00 
126.80 
190.47 
8.30 
8.30 
25.15 
25.15 
25.15 
10.49 
37.93 
10.36 
37.93 
981 
9 75 
10.45 
10.00 
10.85 
10.55 
10.73 
10.90 
10.44 
10.75 
10.15 



27.72 

27.45 

27.51 

27.63 

28.16 

28.09 

27.44 

27.51 

28.50 

27.50 

28.19 

27.09 

27.68 

27.89 

27.09 

27.24 

27.70 

28.46 

28.31 

27.35 

27.45 

27.44 

27.09 

27.57 

27.30 

28.12 

28.18 

27.48 

27.93 

27.08 

27.38 

27.20 

27.03 

27.49 

27.18 

27.78 



10 



15 



CI 2 + 


3 


Os/.U I 


Zn 2 + 


3 


7? 


Nb 3 + 


4 


OO.JU 


Pr 3 + 


4 




Kr 3 + 


4 




Rb 3 + 


4 

C 




C 2 + 


V 


47 AQ 


Ar 4 + 




7c no 


pP d a. 

1 V/ t T 


r: 


/ D.UU 


Mi 4 , 


r 


/5.50 


r o , 
w <i + 


Q 

o 


47.89 


NX <I + 


J 


47.89 




3 


47.89 


C 2 + 


3 


47.89 


C 2 + 


3 


47.89 


C 2 + 


3 


47.89 


C 2 + 


3 


47.89 


C 2 + 


3 


47.89 


Sc 4 + 


5 


91.66 
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C 3 + 


4 


64.49 


C 3 + 


4 


64.49 


C 3 + 


4 


64.49 


C 3 + 


4 


64.49 


C 3 + 


4 


64.49 


C 3 + 


4 


64.49 


Se3 + 


4 


42.94 


Eu3 + 


4 


42.60 


Ho 3 + 


4 


42.50 


Er 3 + 


4 


42.60 


Tm 3 + 


4 


42.70 


Pb3 + 


4 


42.32 


Sr 3 + 


4 


57.00 


N 2 + 


3 


47.45 


Ar 4 4 


5 


75.02 


Fe 4 + 


5 


75.00 


Ni 4 + 


5 


75.50 





1 
1 


1 1 .26 


28.35 


C 1 . 


i 
i 


4 4 *~\ 

1 1 .26 


28.46 


p 1 J 


1 


1 1 .26 


27.04 


r 1 . 


I 


1 1.26 


27.72 




o 
<: 


24.38 


28.12 


<; + 




24.38 


28.22 


P O . 




19.73 


28.16 


o J + 


3 


47.89 


27.13 


o 3 4 


3 


47.89 


27.1 1 


L 3 + 


3 


47.89 


27.61 


Cu 2 + 


2 


20.29 


27.60 


Ga 2 + 


2 


20.51 


27.38 


Y 3 + 


3 


20.52 


27.37 


Pd 2 + 


2 


19.43 


28.46 


Ce 3 + 


3 


20.20 


27.69 


Gd 3 + 


3 


20.63 


27.26 


Au 2 + 


2 


20.50 


27.39 


Tl 2 + 


2 


20.43 


27.46 


C 44 


4 


64.49 


27.17 


Cu 3 + 


3 


36.83 


27.66 


Br 3 + 


3 


36.00 


28.49 


Kr 3 + 


3 


36.95 


27.54 


Oo 3 + 


3 


37.48 


27.01 


le 4 •* 


4 


37.41 


27.00 


06 4 -f 


4 


36.76 


27.73 


M 1 
IN I + 


1 


14.53 


28.41 


M 1 . 


1 


14.53 


28.07 


N 1 + 


1 


14.53 


27.97 


N 1 + 


1 


14.53 


28 07 


N 1 + 




14.53 


28.17 


N 1 + 




14.53 


27.79 


N 2 + 


2 


29.60 


27.40 


P 2 + 


2 


19.73 


27.72 


N 3t 


3 


47.45 


27.57 


N 3 + 


3 


47.45 


27.55 


N 3 + 


3 


47.45 


28.05 
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N 2 + 
N 2 + 
N 2 + 
N 2 + 
N 2 + 
N 2 + 
N 3-f 
N 3 + 
N 3 + 
Ne4 + 
Fe6 + 
Kr 7 4 
Nb6 + 
N 4 + 
Ne 1 + 
Ar 2 + 
Sn3 + 
Pm3 + 
Sm 3 + 
Dy3 + 
F 2 + 
Ne2 + 
O 1 + 
O 1 + 
OH 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 



3 
3 
3 
3 
3 
. 3 
: 4 
4 
4 
5 
7 
8 
7 
5 
2 
3 
4 
4 
4 
4 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



47.45 
47.45 
47.45 
47.45 
47.45 
47.45 
77.47 
77.47 
77.47 
126.21 
125.00 
126.00 
125.00 
97.89 
40.96 
40.74 
40.73 
41.10 
41 .40 
41.50 
62.71 
63.45 
35.12 
35.12 
35.12 . 
35.12 
35.12 
35.12 
35.12 
35.12 
35.12 
35.12 
35.12 
35.12 
35.12 
35.12 



Cu2 + 
Pd2 + 
I 2 + 
La 3 + 
Ce3 + 
Tl 2 + 
Cr 4 + 
As 4 + 
La 4 + 
N 5 + 
N 5 + 
N 5 + 
N 5 + 
Te 6 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 1 + 
O 2 + 
O 2 + 
Mg 1 + 
Ti 1 + 
V 1 + 
Cr 1 + 
Mn 1 + 
Fe 1 + 
Co 1 + 
Ni 1 + 
Cu 1 + 
Ge 1 + 
Zr 1 4 
Nb 1 4 
Mo 1 4 
Tc 1 4 



2 

2 

2 

3 

3 

2 

4 

4 

4 

5 

5 

5 

5 

6 



20.29 
19.43 
19.13 
19.18 
20.20 
20.43 
49.10 
50.13 
49.95 
97.89 
97.89 
97.89 
97.89 
70.70 
13.62 
13.62 
13.62 
13.62 
13.62 
13.62 
35.12 
35.12 
7.65 
6.82 
6.74 
6.77 
7.43 
7.87 
7.86 
7.64 
7.73 
7.90 
6.84 
6.88 
7.10 
7.28 



27.16 

28.02 

28.32 

28.27 

27.25 

27.02 

28.37 

27.34 

27.52 

28.32 

27.1 1 

28.11 

27.1 1 

27.19 

27.34 

27.12 

27.12 

27.48 

27.78 

27.88 

27.59 

28.33 

27.4 7 

28.30 

28.38 

28.35 

27.68 

27.25 

27.26 

27.48 

27.39 

27.22 

28.28 

28.24 

28.02 

27.84 
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U 1 + 


2 


35.12 


Ru 1 4 


1 


7.37 




U 1 + 


2 


35.12 


Rh 1 4 


1 


7.46 




O 1 4 


2 


35.12 


Ag 1 + 


1 


7.58 




U 1 + 


2 


35.12 


Sn 1 + 


1 


7.34 


0 


O 1 + 


2 


35.12 


Ta 1 + 


1 


7.89 




0 1 + 


,2 


35.12 


W 1 + 


1 


7.98 




O 1 + 


. 2 


35.12 


Re 1 4 


1 


7.88 




O 1 + 


2 


35.12 


Pb 1 + 


1 


7.42 


1 A 
1 i) 


O 1 + 


2 


35.12 


Bi 1 + 


1 


7.29 


0 2 + 


3 


54.93 


Ar 2 4 


2 


27.63 




K 4 + 


5 


82.66 


O 3 4 


3 


54.93 




0 2 + 


3 


54.93 


Ti 3 4 


3 


27.49 




Zn 4 + 


5 


82.60 


O 34 


3 


54.93 


1 5 


O 2 + 


3 


54.93 


Rb2 4 


2 


27.28 


O 2 + 


3 


54.93 


Mo 3 4 


3 


27.16 




0 3 + 


4 


77.41 


Cr 4 4 


4 


49.10 




O 3 + 


4 


77.41 


As 4 4 


4 


50.13 




O 3 + 


4 


77.41 


La 4 4 


4 


49.95 


20 


Mg 4 + 


5 


141.26 


O 5 + 


5 


1 13.90 


O 5 + 


6 


138.12 


Sc 6 4 


6 


111.10 




Cu 7 4 


8 


166.00 


O 6 + 


6 


138.12 




O 5 4 


6 


138.12 


Kr 7 + 


7 


1 1 1.00 




Si 3 + 


4 


45.14 


F 1 4 


1 


17.42 




K 2 + 


3 


45.72 


F 1 + 


1 


17.42 


Ge 3 + 


4 


4 5.71 


F 1 + 


i 


17.42 




Lu 3 + 


4 


45.19 


F 1 4 


1 


17.42 




Di 3 4 


4 


45.30 


F 1 + 


1 


17.42 




F 2 4 


3 


62.71 


F 24 


2 


34.97 


3 0 


Ne 2 4 


3 


63.45 


F 2 + 


2 


34.97 


r i 4 


2 


34.97 


Mg 1 4 


1 


7.65 




F 1 4 


2 


34.97 


Sc 1 4 


1 


6.54 




F 1 + 


2 


34.97 


Ti 1 4 


1 


6.82 




F 1 + 


2 


34.97 


V 1 + 


1 


6.74 


35 


F 1 + 


2 


34.97 


Cf 1 4 


1 


6.77 


F 1 * 


2 


34.97 


Mo 1 4 


1 


7.43 




F J + 


2 


34.97 


Fe 1 4 


1 


7.87 



27.75 

27.66 

27.54 

27.77 

27.23 

27.14 

27.24 

27.70 

27.83 

27.30 

27.73 

27.44 

27.67 

27.65 

27.77 

28.31 

27.28 

27.46 

27.36 

27.02 

27.88 

27.12 

27.72 

28.30 

28.29 

27.77 

27.88 

27.74 

28.48 

27.32 

28.43 

28.15 

28.23 

28.20 

27.54 

27.10 



5 



15 



20 



F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 4 


2 


34.97 


F 1 + 




34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 1 + 


2 


34.97 


F 2 + 


3 


62.71 


F 2 + 


3 


62.71 


Ar 5 + 


6 


91.01 


Cr 5 + 


6 


90.56 



25 



30 



35 



F 2 + 


3 


62.71 


F 2 + 


3 


62.71 


Sr 5 + 


6 


90.80 


F 2 + 


3 


62.71 


F 2 + 


3 


62.71 


F 4 + 


5 


114.24 


CI 6 + 


7 


1 14.19 


F 3 + 


4 


87.14 


F 3 + 


4 


87.14 


F 3 + 


4 


87.14 


F 3 + 


4 


87.14 


F 4 + 


5 


114.24 


Mg 4 + 


5 


141.26 


F 6 f 


7 


185.18 


Cr 7 + 


8 


184.70 
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Co 1 + 




7.86 


27.11 


Ni 1 + 




7.64 


27.34 


Cu 1 + 




7.73 


27.24 


Ge 1 + 




7.90 


27.07 


Zr 1 + 




6.84 


28.13 


Nb 1 + 




6.88 


28.09 


Mo 1 + 




7.10 


27.87 


Tc 1 + 




7.28 


27.69 


Ru 1 + 




7.37 


27.60 


Rh 1 + 




7.46 


27.51 


Ag 1 + 




7.58 


27.39 


Sn 1 




7.34 


27.63 


Hf 1 + 




6.60 


28.37 


Ta 1 + 




7.89 


27.08 


Re 1 + 




7.88 


27.09 


Pb 1 + 




7.42 


27.55 


Bi 1 + 




7.29 


27.68 


F 2 + 


2 


34.97 


27.74 


S 3 + 


3 


34.83 


27.88 


F 3 + 


3 


62.71 


28.30 


F 3 + 


3 


62.71 


27.85 


Ni 3 + 


3 


35.17 


27.54 


Ge3 + 


3 


34.22 


28.49 


F 3 + 


3 


62.71 


28.09 


Zr 4 + 


4 


34.34 


28.37 


Ag 3 + 


3 


34.83 . 


27.88 


F 4 + 


4 


87.14 


27.10 


F 4 + 


4 


87.14 


27.06 


Ar 4 + 


4 


59.81 


27.33 


Zn 4 + 


4 


59.40 


27 74 


Br 5 + 


5 


59.70 


27.44 


Te 5 + 


5 


58.75 


28.39 


F 4 + 


4 


87.14 


27.10 


F 5 + 


5 


1 14.24 


27.02 


F 6 + 


6 


157.16 


28.02 


F 6 f 


6 


157.16 


27.54 
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F 5 + 
F 5 + 
F 6 + 
F 6 + 
F 6 + 
Cr 3 + 
La 3 + 
Ne 1 + 
Ne 1 + 
Ne 1 + 
Cr 4 + 
Se4 + 
Ne 1 + 
Mo 5 + 
Ne 1 + 
Pb4 + 
Ar 5 + 
Sc 4 + 
Cr 5 + 
Ne2 + 
Ne 2 + 
Sr 5 + 
Ar 6 + 
Ne3 + 
Fe 6 + 
Nb6 + 
Ne3 + 
Ne4 + 
Al 4 + 
Ne4 + 
Ne4 + 
Si 2 + 
Co 2 + 
Pd2 + 
I 2 + 
Hf 3 + 



6 
6 
7 
7 
7 
; 4 
« 4 
2 
2 
2 
5 
5 
2 
6 
2 
5 
6 
5 
6 
3 
3 
6 
7 
4 
7 
7 
4 
5 
5 
5 
5 
3 
3 
3 
3 
4 



157.16 
157.16 
185.18 
185.18 
185.18 
49.10 
49.95 
40.96 
40.96 
40.96 
69.30 
68.30 
40.96 
68.00 
40.96 
68.80 
91.01 
91.66 
90.56 
63.45 
63.45 
90.80 
124.32 
97.1 1 
125.00 
125.00 
97. 1 1 
126.21 
153.71 
126.21 
126.21 
33.49 
33.50 
32.93 
33.00 
33.33 



Co 7 + 
Y 8 + 
F 6 + 
Ne6 + 
Co 8 + 
Ne 1 + 
Ne 1 + 
CI 1 + 
Sc 2 + 
Ti 2 + 
Ne2 + 
Ne2 + 
Zr 2 + 
Ne2 + 
Lu 2 + 
Ne2 + 
Ne3 + 
Ne3 + 
Ne 3 + 
Ni 3 + 
Br 3 + 
Ne3 + 
Ne4 + 
Cr 5 + 
Ne 4 + 
Ne 4 + 
Pb 5 + 
Na4 + 
Ne5 + 
Fe6 + 
Rb7 + 
Na 1 + 
Na 1 + 
Na 1 * 
Na J + 
Na i ■* 



7 

8 

6 

6 

8 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

4 

5 

4 

4 

5 

4 

5 

6 

7 



129.00 
129.00 
157.16 
157.93 
157.00 
21.56 
21.56 
12.97 
12.80 
13.58 
40.96 
40.96 
13.13 
40.96 
13.90 
40.96 
63.45 
63.45 
63.45 
35.17 
36.00 
63.45 
97.1 1 
69.30 
97.1 1 
97.1 1 
68.00 
98.91 
126.21 
99.00 
99.20 
5.14 
5.14 
5.14 
5.14 
5.14 



28.16 

28.16 

28.02 

27.25 

28.18 

27.54 

28.39 

28.00 

28.16 

27.38 

28.34 

27.34 

27.83 

27.04 

27.06 

27.84 

27.56 

28.21 

27.1 1 

28.28 

27.45 

27.35 

27.21 

27.81 

27.89 

27.89 

28.31 

27.30 

27.50 

27.21 

27.01 

28.35 

28.36 

27.79 

27.86 

28.19 
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Na 1 4 
Na 1 4 
Ar 4 + 
Fe4 + 
Ni 4 + 
Na 1 + 
Na 1 + 
Na 1 + 
Na 1 + 
Na 1 + 
Na3 + 
K 5 + 
Na2 + 
Ti 4 + 
Fe 5 + 
Rb6 + 
Na2 + 
Na2 + 
Na2 + 
Na2 + 
Na3 + 
Kr 7 + 
Na3 + 
Na3 + 
Mo 6 + 
Na3 + 
Si 4 + 
Na 4 + 
Cu7 + 
Na 4 + 
S 24 
Ni 2 + 
Br 2 4 
Ag 2 + 
Ti 3 * 
Se 3 + 



2 
2 
5 
5 
5 

; 2 
- 2 
2 

2 

2 

4 

6 

3 

5 

6 

7 

3 

3 



4 

8 
A 
A 
1 
4 
5 



5 
8 
5 
3 
3 
3 
3 
4 
4 



47.29 
47.29 
75.02 
75.00 
75.50 
47.29 
47.29 
47.29 
47.29 
47.29 
98.91 
100.00 
71.64 
99.22 
99.00 
99.20 
71.64 
71.64 
71.64 
71.64 
98.91 
126.00 
98.91 
98.91 
126.80 
98.91 
166.77 
138.39 
166.00 
138.39 
34.83 
35.17 
36.00 
34.83 
43.27 
42.94 



Al 2 + 
P 24 

Na2 + 
Na2 + 
Na2 + 
Pd2 + 
In 2 + 
I 2 + 
La 3 4- 
Ce3 4 
Na3 4 
Na3 + 
Ti 4 + 
Na 3 + 
Na 3 4 
Na3 + 
Sr 3 4 
Sb 4 4 
Gd4 
Yb4 
Na 3 + 
Na 4 + 
Rb5 + 
Sr 5 4 
Na 4 + 
Te 6 
Na 5 
Sc 6 
Na 5 4 
Kr 7 + 
Mg 1 + 
Mg 1 + 
Mg 1 + 
Mg 1 + 
Mg 2 + 
Mg 2 4 



4 
4 



4 
4 
4 



2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
3 
3 
3 
3 
4 
4 
4 
3 
4 
5 
5 
4 
6 
5 
6 
5 
7 
1 
1 
1 
1 
2 
2 



18.83 
19.73 
47.29 
47.29 
47.29 
19.43 
18.87 
19.13 
19.18 
20.20 
71.64 
71.64 
43.27 
71.64 
71.64 
71.64 
43.60 
44.20 
44.00 
43.70 
71.64 
98.91 
71.00 
71.60 
98.91 
70.70 
138.39 
111.10 
138.39 
1 1 1.00 
7.65 
7.65 
7.65 
7.65 
15.03 
15.03 



28.46 

27.56 

27.73 

27.71 

28.21 

27.86 

28.42 

28.15 

28.11 

27.09 

27.27 

28.36 

28.37 

27.58 

27.36 

27.56 

28.04 

27.44 

27.64 

27.94 

27.27 

27.09 

27.91 

27 31 

27.89 

28.21 

28.38 

27.29 

27.61 

27.39 

27.18 

27.52 

28.35 

27.18 

28.23 

27.91 
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Eu 3 + 


4 


42.60 


Mg 2 + 


2 


15.03 


27.56 


Ho 3 + 


4 


42.50 


Mg2 + 


2 


15.03 


27.47 


f — _ r\ 

Er 3 + 


4 


42.60 


Mg2 + 


2 


15.03 


27.56 


Tm 3 + 


4 


42.70 


Mg2 + 


2 


15.03 


27.67 


Pb 3 + 


4 


42.32 


Mg2 + 


2 


15.03 


27.28 


Ni 5 + 


* 6 


108.00 


Mg3 + 


3 


80.14 


27.86 


Zn 5 + 


• 6 


108.00 


Mg3 + 


3 


80.14 


27.86 


Mg 2 4- 


3 


80.14 


Kr4 + 


4 


52.50 


27.64 


Mg 2 + 


3 


80.14 


Rb4 + 


4 


52.60 


27.54 


Sb5 + 


6 


108.00 


Mg3 + 


3 


80.14 


27.86 


Mg3 + 


4 


109.24 


Se6 + 


6 


81.70 


27.54 


Mg3 + 


4 


109.24 


Zr 5 + 


5 


81.50 


27.74 


Te 6 + 


7 


137.00 


Mg 4 + 


4 


109.24 


27.76 


Mg 4 + 


5 


141.26 


CI 7 + 


7 


114.19 


27.07 


Ti 7 + 


8 


168.50 


Mg 5 + 


5 


141.26 


27.24 


Mg 5 + 


6 


186.50 


Sc 8 + 


8 


158.70 


27.80 


Mg 6 + 


7 


224.94 


Mn 8 + 


8 


196.46 


28 4 8 


Si 2 + 


3 


33.49 


Al 1 + 


1 


5.99 


27.51 


Mn 2 + 


3 


33.67 


Al 1 + 


1 


5.99 


27.68 


Co 2 + 


3 


33.50 


Al 1 + 


1 


5.99 


27.51 


Ge2 + 


3 


34.22 


Al 1 + 


1 


5.99 


28.23 


Zr 3 + 
1 2 + 


4 


34.34 


Al 1 + 


1 


5.99 


28.35 


3 


33.00 


Al 1 + 


1 


5.99 


27.01 


Hf 3 + 


4 


33.33 


Al 1 + 


1 


5.99 


27.34 


Hg 2 + 


3 


34.20 


Al 1 + 


1 


5.99 


28 21 


S 3 + 


4 


47.30 


Al 2 + 


2 


18.83 


28.47 


V 3 + 


4 


46.71 


Al 2 + 


2 


18.83 


27.88 


Br 3 + 


4 


47.30 


Al 2 + 


2 


18.83 


28.47 


Mo 3 + 


4 


46.40 


Al 2 + 


2 


18.83 


27.57 


oD 4 + 


r- 

5 


56.00 


Al 3 + 


3 


28.45 


27.55 


Bi 4 + 


5 


56.00 


Al 3 + 


3 


28.45 


27.55 


Ca 7 + 


8 


147.24 


Al 4 + 


4 


119.99 


27.25 


Al 3 + 


4 


1 19.99 


Sc 5 + 


5 


91.66 


28.33 


Al 4 + 


5 


153.71 


Kr 8 4 


8 


126.00 


27.71 


Al 5 + 


6 


190.47 


Ni 8 + 


8 


162.00 


28.47 


Ni 2 * 


3 


35.17 


Si 1 + 


1 


8.15 


27.02 
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Dl C + 


o 


1 C AA 

3b. UU 


Ol 1 4- 


1 


8.15 


27.85 


Sr P 4. 

Of C- 4- 


o 
o 


>1 O £*A 

43. bO 


Si 2 + 


2 


16.34 


27.25 


Sh 4. 


/t 


A A AA 

44 .<f0 


Si 2 + 


2 


16.34 


27.86 




A 
H 


44 .00 


Si 2 + 


2 


16.34 


27.66 


Yh ^ * 

■ L/ O 4- 


A 
H 


A A 7n 
4o . / U 


Si 2 + 


2 


16.34 


27.36 
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Co 2 + 
Co 2 + 
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27.48 

27.27 

27.20 

27.08 

28.20 

27.20 

28.31 

27.90 

28.46 

27.62 

28.00 

28.20 

26.00 

28.00 

28.00 

27.53 

28.36 

27.20 

27.54 
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Mo 3 + 


4 


46.40 


Ni 2 + 


2 


18,17 


Lu3 + 


4 


45.19 


Ni 2 + 


2 


18.17 


Bi 3 + 


4 


45.30 


Ni 2 + 


2 


18.17 


Ni 2 + 


3 


35.17 


Ni 1 + 




7 64 


Ni 2 + 


3 


35.17 


Cu 1 + 


1 


7 71 


Ni 2 + 


3 


35.17 


Ge 1 + 


1 


7 


As 4 + 


5 


63.63 


Ni 3 + 




35.17 


Ni 2 + 


3 


35.17 


Zr 1 + 




6 84 


Ni 2 + 


3 


35.17 


Nb 1 + 




o.oo 


Ni 2 + 


3 


35.17 


Mo 1 + 






Ni 2 + 


3 


35.17 


Tc 1 + 




/.28 


Ni 2 + 


3 


35.1 7 


nu i t 




7.37 


Ni 2 + 


3 


35.17 


Hi) 1 + 


1 


7.46 


Ni 2 + 


3 


35. 17 


An 1 i 


1 


7.58 


Ni 2 + 


3 


35.17 


on i + 


1 


7.34 


Ni 2 + 


3 


35.1 7 


Id I + 


1 


7.89 


Ni 2 + 


3 


35.1 7 


W 1 -i- 




7.98 


Ni 2 + 


3 


35.17 


* iC 1 -r 




7.88 


Ni 2 + 


3 


35.17 


Pb 1 + 






Ni 2 + 


3 


35.17 


Bi 1 + 




7 OA 


Zn 4 + 


5 


82.60 




A 

'4 


54 .90 


Ni 3 + 


4 


54.90 


Rb 2 + 


O 
<_ 


97 OQ 


Ni 3 


4 


54.90 


Mo 3 + 


3 


?7 1 


Cu 5 + 


6 


103.00 


Ni 5 + 


5 




Ni 4 + 


5 


75.50 


Br 4 + 


4 


47 in 


Br 6 + 


7 


103.00 


Ni 5 + 


5 


7S 


No 5 4 


6 


102.60 


Ni 5 + 


5 


7R c:n 


Ni 5 + 


6 


108.00 


Cu 5 + 






Rb7 + 


8 


136.00 


Ni 6 + 


6 


1 08 00 


Ni 7 + 


8 


162.00 


Zn 7 + 


7 


134.00 


Br 2 + 


3 


36.00 


Cu 1 + 


1 


7.73 


Ag 2 + 


3 


34.83 


Cu 1 + 


1 


7.73 


Br 3 ♦ 


4 


47.30 


Cu 2 + 


2 


20.29 


Cu 2 + 


3 


36.83 


Zn 1 + 


1 


9.39 


Ga 3 ♦ 


4 


64.00 


Cu 3 + 


3 


36.83 


Cu 2 ♦ 


3 


36.83 


As 1 + 


1 


9.81 



28.23 

27.02 

27.13 

27.53 

27.44 

27.27 

28.46 

28.33 

28.29 

28.07 

27.89 

27.80 

27.71 

27.59 

27.83 

27.28 

27.19 

27.29 

27.75 

27.88 

27.70 

27.62 

27.74 

27.50 

28.20 

27.50 

27.10 

28.10 

28.00 

28.00 

28.27 

27.10 

27.01 

27.44 

27.17 

27.02 
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\s U c. *f 


o 


O D .OJ 


v>0 1 4 


1 


9.75 


27.08 


I \l *T *T 


■s) 


R/i 7n 

. / U 


J 4 


3 


36.83 


27.87 


Pit O j_ 


o 
o 


JD.OO 


Pa 1 4 


1 


8.34 


28.49 


Pn 9 i 




oo.oJ 


ud 1 4 


1 


8.99 


27.84 


Pn 1 t 
l/U £ 4 


J 


Jb.oJ 


PL .« 

SO 1 4 


1 


8.64 


28.19 


Pi» 9 i 


o 


Jo.o J 


Je 1 4 


1 


9.01 


27.82 


Pi* O • 




Jb.oJ 


OS 1 4 


1 


8.70 


28.13 


* o . 
UU <: 4 


J 


36.83 


lr 1 4 


1 


9.10 


27.73 


<^ 4 


3 


36.83 


Pt 1 4 


1 


9.00 


27.83 


Cu 2 4 


3 


36.83 


Au 1 4 


1 


9.23 


27.61 


Cu 2 4 


3 


36.83 


PO 1 4 


1 


8.42 


28.41 


Zn 4 4 


5 


82.60 


Cu4 + 


4 


55.20 


27.40 


Cu 3 4 


4 


55.20 


Rb2 + 


2 


27.28 


27.92 


Cu 3 4 


4 


55.20 


Mo 3 4 


3 


27.16 


28.04 


Cu 3 4 


4 


55.20 


In 3 4 


3 


28.03 


27 1 7 


Cu 3 4 


4 


55.20 


Te 3 4 


3 


27.96 


27.24 


Zn 5 4 


6 


108.00 


Cu 5 4 


5 


79.90 


28.10 


Cu 4 + 


5 


79.90 


Kr 4 4 


4 


52.50 


27.40 


Cu 4 4 


5 


79.90 


Rb 4 + 


4 


52.60 


27.30 


ou 5 4 


6 


108.00 


Cu 5 4 


5 


79.90 


28.10 


D 4 


7 


139.00 


Kr 7 + 


7 


1 1 1 00 


28.00 


AT <f + 


3 


36.95 


Zn 1 4 


1 


9.39 


27.56 




3 


37.48 


Zn 1 + 


1 


939 


28.09 


I e o 4 


4 


3 7.4 1 


Zn 1 + 


.1 


9.39 


28.02 


<J J + 


4 


36.76 


Zn 1 + 


1 


9.39 


27.36 


O 4 


4 


A C *7 -4 

4 D. / 1 


Zn 2 4 


2 


17.96 


27.75 


jviu o + 


4 


4b. 4U 


Zn 2 4 


2 


17.96 


28.44 


LU o 4 


A 

4 


4 i y 


Zn 2 + 


2 


17.96 


27.23 






A£> ^n 


zn <> + 


2 


17.96 


27.34 


Zn 2 4 


3 


39.72 


Br 1 + 


1 


11.81 


27.91 


Zn 2 4 


3 


39.72 


Y 2 + 


2 


12.24 


27.48 


Mo 5 4 


6 


68.00 


Zn 3 + 


3 


39.72 


28.28 


Zn 2 4 


3 


39.72 


Xe 1 + 


1 


12.13 


27.59 


Zn 2 4 


3 


39.72 


Eu 2 + 


2 


1 1.24 


28.48 


Zn 2 + 


3 


39.72 


Gd2 + 


2 


12.09 


27.63 


Zn 2 + 


3 


39.72 


Tb 2 h 


2 


1 1.52 


28.20 
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2n 2 + 
Zn 2 + 
Zn2 + 
Zn 2 + 
Zn2 + 
Zn3 + 
Zn 3 + 
Zn3 + 
Kr 6 + 
Rb7 + 
Zn6 + 
Ge2 + 
Zr 3 + 
I 2 + 
Hf 3 + 
Hg2 + 
Te 4 + 
Ga 3 + 
Ga3 + 
Ga 3 + 
Br 2 + 
Se 3 + 
Sr 2 + 
Sb3 + 
Gd3 + 
Yb3 + 
Ge2 + 
Y 3 + 
Ge 2 + 
Ge2 + 
Ge 2 4 
Ge 2 4 
Ge2 4 
Gg2 + 
Ge2 + 
Ge2 4 



3 


39.72 


Dy 2 4 


2 


1 1 67 


cO.Uj 


3 


39.72 


Ho 2 4 


2 




9 7 OO 


3 


39.72 


Er 2 + 


2 


1 1 93 


97 7Q 


3 


39.72 


Tm 2 + 


2 


12 OS 




3 


39.72 


Yb2 + 


2 


19 1Q 
* C. 1 o 


97 C >f 


• : 4 


59.40 


Rh 3 + 


3 


3 1 OA 


O O O A 

28.34 


4 


59.40 


Xe 3 + 




^9 1 n 


27.30 


4 


59.40 


Pb 3 + 


3 




27.46 


7 


1 1 1.00 


Zn 5 + 




o^.bU 


28.40 


8 


136.00 




O 


1 Uo.00 


28.00 


7 


134.00 


Q f 7 , 


7 


i Ub.00 


28.00 


3 


34.22 


VJJa 1 4 


1 


6.00 


28.22 


4 


34.34 


ud 1 4 


1 


6.00 


28.34 


3 


33.00 


VjJcl l 4 


1 


6.00 


27.00 


4 


33.33 


Ud 1 4 


1 


6.00 


27.33 


3 


34.20 


tjia ) 4 




6.00 


28.20 


5 


58.75 


H'j . 

Oci O 4 


o 
O 


30.71 


28.04 


4 


64.00 


Dl O 4 


O 
J 


36.00 


28.00 


4 


64.00 


»\ 1 sJ 4 


o 
o 


36.95 


27.05 


4 


64.00 


Cp 4 

\S *t "T 




ob. /6 


27.24 


3 


36.00 


GO 1 4- 


1 


/.90 


28.10 


4 


42.94 


V-* C- T 


o 

c 


1 c no 


27.01 


3 


43.60 


Ge 2 4 


p 


I j. jj 


27.67 


4 


44.20 


Ge 2 4 




1 c: qo 


28 27 


4 


44.00 


Ge 2 + 


P 

C 


1 qo 


28.07 


4 


43 70 


Ge 2 4 


P 


i c no 


27.7/ 


3 


34.22 


Y 1 + 


1 
V 


O.oo 


27.84 


4 


61.80 


Ge 3 4 


3 




27.58 


3 


34.22 


Zr 1 + 




.OH 




3 


34.22 


Nb 1 4 




6.88 


27.24 


3 


34.22 


Mo 1 4 




7.10 


27.12 


3 


34.22 


In 1 + 




5.79 


28.43 


3 


34.22 


<3d 1 4 




6.14 


28.08 


3 


34.22 


Tb 1 + 




5.85 


28.37 


3 


34.22 


Dy 1 + 




5.93 


28.29 


3 


34.22 


Ho 1 4 




6.02 


28.20 
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Ge2 + 
Ge2-r 
Ge2 + 
Ge2 + 
Ge2 + 
Ge2 + 
Ge2 + 
Ge2 + 
Ge2 + 
Ge2 + 
Ge2 + 
Ge 2 + 
Ge2 + 
Ge2 + 
Ge2 + 
Ge3 + 
Ge3 + 
Ge3 + 
Ge3 + 
Kr 2 + 
Nb3 + 
Cd2 + 
Te 3 + 
Mo 3 + 
Sb4 + 
Bi 4 t 
As 3 + 
Kr 5 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 3 + 
As 4 + 



3 
3 
3 
3 
3 
• : 3 
- 3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
3 
4 
3 
4 
4 
5 
5 
4 
6 
4 
4 
4 
4 
4 
4 
4 
5 



34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

34.22 

45.71 

45.71 

45.71 

45.71 

36.95 

38.30 

37.48 

37.41 

46.40 

56.00 

56.00 

50.13 

78.50 

50.13 

50.13 

50.13 

50.13 

50.13 

50.13 

50.13 

63.63 



Er 1 + 
Tm 1 + 
Yb 1 + 
Hf 1 + 
Tl 1 + 
Th 1 + 
Pa 1 + 
U 1 + 
Np 1 4 
Pu 1 + 
Am 1 + 
Cm 1 + 
Bk 1 + 
Cf 1 + 
Es 1 + 
As 2 + 
Rh2 + 
Te 2 + 
Pt 2 + 
As 1 + 
As 1 + 
As 1 + 
As 1 + 
As 2 + 
As 3 + 
As 3 * 
Br 2 + 
As 4 + 
Zr 3 + 
Nd3 + 
Pm 3 + 
Tb 3 + 
Dy 3 + 
Ho 3 + 
Er 3 + 
Br 3 > 



2 
2 
2 
2 
1 
1 
1 
1 

2 
3 
3 
2 
4 
3 
3 
3 
3 
3 
3 
3 
3 



6.10 
6.18 
6.25 
6.60 
6.11 
6.10 
5.90 
6.05 
6.20 
6.06 
5.99 
6.02 
6.23 
6.30 
6.42 
18.63 
18.08 
18.60 
18.56 
9.81 
9.81 
9.81 
9.81 
18.63 
28.35 
28.35 
21.80 
50.13 
22.99 
22.10 
22.30 
21.91 
22.80 
22.84 
22.74 
36.00 



28.12 

28.04 

27.97 

27.62 

28.1 1 

28.12 

28.32 

28.17 

28.02 

28.16 

28.23 

28.20 

27.99 

27.92 

27.80 

27.08 

27.63 

27.1 1 

27.15 

27.14 

28.49 

27.67 

27.60 

27.77 

27 65 

27.65 

28.33 

28.37 

27.14 

28.03 

27.83 

28.22 

27.33 

27.29 

27.39 

27.63 
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Sr 5 + 
Se6 + 
As 5 4 
Kr 2 + 
Cd2 + 
Te 3 4 
Ce3 + 
Te 4 + 
Rb4 + 
Se3 + 
Se3 + 
Te5 + 
Se3 + 
Se 3 4 
Se 4 + 
Se 4 + 
Se 4 4 
Se 4 + 
Se 5 + 
Rb2 + 
Pr 3 + 
Tb 3 4 
La 3 4 
Br 2 4 
Br 2 4 
Br 2 4. 
Br 2 4 
Br 2 4 
Br 2 4 
Br 2 4 
Br 2 4 
Br 2 4 
Br 3 4 
Br 3 4 
Br 3 4 
Br 3 + 



6 
7 
6 
3 
3 

4 

5 
5 
4 
4 

6 

4 

4 

5 

5 

5 

5 

6 

3 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 - 

4 

4 
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As 5 4 




5 
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27.17 


155.40 
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6 
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27.80 


127.60 
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28.40 
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97 n 1 
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Sb 1 4 
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Re 1 4 
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36.00 
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27.58 
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1 2 4 
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28.17 
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Br 3 + 


4 


47.30 


Ce3 + 


3 


20.20 


Br 4 + 


5 


59.70 


Xe3 + 


3 


32.10 


Br 4 + 


5 


59.70 


Pb3 + 


3 


31.94 


Y 6 + 


7 


116.00 


Br 6 + 


6 


88.60 


Br 5 + 


6 


88.60 


Mo 5 + 
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61.20 


Pm3 + 
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14.00 
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14.00 
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42.32 
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1 


14 on 


Kr 3 + 


4 
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2 
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4 


52.60 


Kr 2 + 
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Kr 4 + 


5 


64.70 


Kr 3 + 






Kr 2 + 


3 


36.95 


Cd 1 + 




P QQ 


Kr 2 + 


3 


36.95 


Sb 1 + 
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Kr 2 + 


3 


36.95 


Te 1 + 


1 
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Kr 2 + 


3 


36.95 


Os 1 + 
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Kr 2 + 


3 


36.95 


Ir 1 + 


1 


q in 


Kr 2 + 


3 


36.95 


Pt 1 + 


1 


9 no 


Kr 2 + 


3 


36.95 


Au 1 + 






Kr 3 + 


4 


52.50 


Kr 2 + 


2 




Kr 3 + 


4 


52.50 


Nb 3 + 


3 


25 04 


Kr 3 + 


4 


52.50 


Sb 3 + 


3 


25.30 


Kr 3 •» 


4 


52.50 


Cs 2 + 


2 


25.10 


Kr 3 + 


4 


52.50 


Eu3t 


3 


24.90 


Kr 3 + 


4 


52.50 


Yb 3 + 


3 


25 0? 


Kr 4 + 


5 


64.70 


Kr 3 + 


3 


36.95 


Y 5 + 
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93.00 


Kr 5 + 


5 


64 70 


Kr 4 + 


5 


64.70 


Cd3 + 


3 


37.48 


Kr 4 + 


5 


64.70 


Te 4 + 


4 


37.41 


Kr 4 + 


5 


64.70 


Ce 4 + 


4 


36.76 


Sr 6 + 


7 


106.00 


Kr 6 + 


6 


78.50 


Kr 5 + 


6 


78.50 


Nb5 + 


5 


50.55 


Xe2 + 


3 


32 iO 


Rb 1 + 


1 


4.18 


Pb2 + 


3 


31.94 


Rb 1 + 


i 


4.18 


m>2 4 


3 


40.00 


Y 2 + 


2 


12.24 


Mo 5 i 


6 


68.00 


Rb3 + 


3 


40.00 



27.10 
27.60 
27.76 
27 t 40 
27.40 
27.10 
27.40 
27.50 
28.32 
28.14 
28.24 
27.75 
27.96 
28.31 
27.94 
28.25 
27.85 
27.95 
27.73 
28.14 
27.46 
27.20 
. 27.40 
27.60 
27.47 
27.75 
28.30 
27.22 
27.29 
27.94 
27.50 
27.95 
27.92 
27.76 
27.76 
28.00 
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Te 5 + 
Sr 3 + 
Sr 3 + 
Sr 4 + 
Sr 4 + 
Sr 4 + 
Sr 4 + 
2r 3 + 
Ag2 + 
Hg2 + 
Sn 3 + 
Nd3 + 
Tb3 + 

Y 3 + 

Y 3 + 

Y 3 + 

Y 4 + 

Y 6 + 
Zr 3 + 
Ag 2 + 
Hg2 + 
Sn 3 4 
Nd3 + 
Pm 3 + 
Sm 3 f 
Dy 3 4 
Nb4 + 

2r 3 + 

2r 3 + 

Zr 3 4 

Zr 3 + 

Zr 3 + 

Zr 3 + 

Zr 3 + 

Zr 3 + 

Zr 3 + 



6 
4 
4 

5 
5 

' 5 
5 
4 
3 
3 
4 
4 
4 
4 
4 
4 
5 
7 
4 
3 
3 
4 

4 

4 

4 

4 

5 

4 

4 

4 

4 

4 

4 

4 
4 
4 



70.70 
57.00 
57.00 
71.60 
71.60 
71.60 
71.60 
34.34 
34.83 
34.20 
40.73 
40.41 
39.80 
61.80 
61.80 
61.80 
77.00 
1 16.00 
34.34 
34.83 
34.20 
40.73 
40.41 
41.10 
41 .40 
41.50 
50.55 
34.34 
34.34 
34.34 
34.34 
34.34 
34.34 
34.34 
34.34 
34.34 



Y 
Y 
Y 
Y 
Y 



Sr 3 + 
Tc3 + 
Tl 3 4 
Sr 3 4 
Sb4 + 
Gd4 + 
Yb4 + 
Y 1 + 
1 + 

1 + 

2 + 
2 + 
2 + 

Zr 4 + 
Hf 4 + 
Hg3 + 
La 4 4 
Bi 6 + 
Zr 1 + 
Zr 1 + 
Zr 1 + 
Zr 2 + 
Zr 2 + 
Zr 2 + 
Zr 2 + 
Zr 2 + 
Zr 3 + 
Zr 1 + 
Nb 1 + 
Mo 1 + 
Tc 1 + 
Gd 1 + 
Tb 1 + 
Dy 1 4 
Ho 1 4 
Er 1 4 



3 

3 

3 

3 

4 

4 

4 

1 

1 

1 

2 

2 

2 

4 

4 

3 

4 

6 

1 

1 

1 

2 
2 
2 
2 
2 
3 



43.60 
29.54 
29.83 
43.60 
44.20 
44.00 
43.70 
6.38 
6.38 
6.38 
12.24 
12.24 
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Sm 1 + 
Lu 2 4 
Sm 4 4 
Eu 1 + 
Hf 2 4 
Pb 2 4 
Gd 1 + 
Gd 1 + 
Gd2 + 
Bi 2 + 
Tb 1 + 
Tb 1 + 
Tb 2 + 
Tb 2 4 
Dy 2 + 
Ho 2 + 
Er 2 + 
Tm 2 4 
Yb2 + 
Dy 1 + 
Dy 1 + 
Lu 2 + 
Dy 4 4 
Ho 1 4 
Ho 1 4 
Hf 2 4 
Pb 2 + 
Er 1 4 
Er 1 + 
Hf 2 4 
Pb 2 4 
Tm 1 4 
Tm 1 + 
Hf 2 4 
Pb 2 + 
Yb 1 4 



1 

2 

4 

1 

2 

2 

1 

1 

2 
2 
1 
1 

2 

2 

2 

2 

2 

2 

2 

1 

1 

2 
4 
1 
1 

2 
2 
1 
1 

2 
2 
1 
1 
2 
2 
1 



5.63 
13.90 
41.40 
5.67 
14.90 
15.03 
6.14 
6.14 
12.09 
16.69 
5.85 
5.85 
1 1 52 
11.52.. 
1 1.67 
1 1.80 
11.93 
12.05 
12.18 
5.93 
5.93 
13.90 
41.50 
6.02 
6.02 
14.90 
15.03 
6.10 
6.10 
14.90 
15.03 
6.18 
6.18 
14 90 
15.03 
6.25 



27.70 

27.50 

27.40 

27.66 

27.70 

27.57 

27.19 

28.06 

27.71 

27.31 

27.48 

28.35 

28.28 

28.28 

28.1 3 

28.00 

27.87 

27.75 

27.62 

27.40 

28.27 

27.60 

27.30 

27.31 

28.10 

27.60 

27.47 

27.23 

28.10 

27.70 

27.57 

27.15 

28.02 

27.80 

27.67 

27.08 
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Hg2 + 3 34.20 Yb 1 + 1 6 .25 27 95 

Yb3 + 4 43.70 Bi2 + 2 16.69 27 01 

Hf 3 + 4 33.33 Lu 1 + 1 5.43 27 90 

Pb3 + 4 42.32 Lu 2 + 2 13.90 28 42 

Lu3 + 4 45.19 Bi2 + 2 16.69 28 50 

H 9 2 + ,3 34.20 Hf1 + 1 6 . 60 27 6Q 

Pb3 + c 4 42.32 Hf 2 + 2 14.90 27 42 

Hf3 + 4 33 3 3 TI1 + 1 6.n 27 22 

H, 3 + 4 33 33 Ra 1 + 1 5.28 28 05 

Hf3 + 4 33 33 Ac1 + 1 5.2O 2813 

H*3 + 4 33.33 Th 1 + 1 6 . 10 27 23 

Hf3 + 4 33 33 Pa1 + 1 5.90 27 43 

Hf 3 + 4 33.33 U 1 + 1 6 . 05 2 7 28 

Hf3 + 4 33 33 Np1 + 1 6.20 27 13 • 

Hf 3 + 4 33 33 Pu 1 + 1 6.06 27 27 

Hf 3 + 4 33 33 AmU 1 5.99 27 34 

™ 3 + 4 33 33 Cm 1 + , 6.02 27.31 

™ 1 + 4 33 33 Bk1 + 1 6 .23 27.10 

»' 3 + « 33.33 C f 1 + 1 6.30 27.03 

"% 2+ 3 34 20 T.1 + 1 6.11 28.09 

" 9 ? + 3 34 20 Th1 + 1 6.10 28.10 

3 34.20 Pa 1 + , 5 .90 28.30 

" 92 + 3 34 20 U 1 + 1 6.05 28.15 

./^ 3 34 20 1 • 6.20 28.00 

"% 2 + 3 34 20 1 * 1 6.06 28.14 

2 V I 34 20 Amw 1 599 28 ^ 

" 9?+ 3 34 20 Cm1 + 1 6.02 281Q 

Hfl2 + 3 34.20 Bk1 + 1 6 . 23 27 g7 

H 0 % 2+ J 34 20 Cf1 * 1 6.30 27.90 

H92 + 3 34.20 E S1 + , 6 . 42 27 78 

Pb , 4 42.32 Pb2+ 2 ,5.03 27.29 

P53 + 4 42 32 Pb 2 + 2 15.03 27.29 

n - 16 (resonance shrinkage energy is given by \ 27.21 eV; with n 

- 16. the resonance shrinkage energy i s 217 68) 

Atom n nth Ion- Atom n n|h Jon . £nefgy 
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Oxidiz- 
ed 

Ne7 + 
Al 6 + 
Mg 6 + 
P 5 + 
B 4 + 
Mg 6 + 
Ne7 + 
Mg6 + 
Al 6 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 + 
B 3 
B 3 
B 3 + 
B 3 + 

B 3 + 

B 3 + 

B 3 + 

B 3 + 

B 3 + 

B 3 + 

B 3 4 

B 3 4 

B 3 4 



+ 

; 4 



8 
7 



8 



ization 
Energy 
(eV) 
239.09 
241.43 
224.94 
220.43 
340.22 
224.94 
239.09 
224.94 
241.43 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 
259.37 



Reduced 



He 1 + 
He 1 + 
Li 1 4 
Li 1 + 
Li 3 4 
Be 1 4 
Be 2 4 
B 1 + 
B 2 + 
Ne 2 4 
Si 4 4 
CI 3 4 
Ar 3 4 
Ti 4 + 
Zn 3 4 
Se 4 + 
Rb 3 4 
Sr 3 4 
Sn 4 4 
Sb 4 + 
Pr 4 + 
Nd4 4 
Pm 4 4 
Sm 4 4 
Eu 4 + 

Gd4 4 

Tb 4 + 

Dy 4 4 

Ho 4 4 

Er 4 + 

Tm 4 4 

Yb4 4 

Lu 4 + 



1 
1 
1 
1 

3 
1 
2 
1 

2 
2 
4 
3 
3 
■ 4 
3 
4 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 



ization 
Energy 
(eV) 
24.59 
24.59 
5.39 
5.39 
122.45 
9.32 
18.21 
8.30 
25.15 
40.96 
45.14 
39.61 
40.74 
43.27 
39.72 
42.94 
40.00 
43.60 
40.73 
44.20 
38.98 
40.41 
41.10 
41.40 
42.60 
44.00 
39.80 
41.50 
42.50 
42.60 
42.70 
43.70 
45.19 



Hole 
(eV) 

214.50 

216.84 

219.55 

215.04 

217.77 

215.62 

220.88 

216.64 

216 28 

218.41 

214.23 

219.76 

218.63 

216.10 

219.65 

216.42 

219.37 

215.77 

218.63 

215.17 

220.39 

218.96 

218.27 

217.97 

216.77 

215.37 

219.57 

217.87 

216.87 

216.77 

216.67 

215.67 

214.18 



179 



10 



15 



20 



25 



30 



35 



B 3 + 


4 


259.37 


Pb4 + 


4 


42.32 


217.05 


B 3 + 


4 


259.37 


Bi 4 + 


4 


45.30 


214.07 


B 4 + 


5 


340.22 


Ne5 + 


5 


126.21 


214.01 


B 4 + 


5 


340.22 


Al 4 + 


4 


119.99 


220.23 


B 4 + 


5 


340.22 


Ar 7 + 


7 


124.32 


215.90 


B 4 + 


5 


340.22 


Ti 6 + 


6 


119.36 


220.86 


B 4 + 


5 


340.22 


Mn7 + 


7 


119.27 


220.95 


B 4 + 


5 


340.22 


Fe7 + 


7 


125.00 


215.22 


B 4 + 


5 


340.22 


Kr 8 + 


8 


126.00 


214.22 


B 4 + 


5 


340.22 


Sr 8 + 


8 


122.30 


217.92 


B 4 + 


5 


340.22 


Nb7 + 


7 


125.00 


215.22 


Ne 7 + 


8 


239.09 


C 2 + 


2 


24.38 


214.71 


Al 6 + 


7 


241.43 


C 2 + 


2 


24.38 


217.05 


Na 7 + 


8 


264.18 


C 3 + 


3 


47.89 


216 29 


Mg 7 + 


8 


265.90 


C 3 + 


3 


47.89 


218.01 


P 6 + 


7 


263.22 


C 3 + 


3 


47.89 


215.33 


Al 7 + 


8 


284.59 


C 4 + 


4 


64.49 


220. 10 


S 6 + 


7 


280.93 


C 4 + 


4 


64.49 


216.44 


C 4 + 


5 


392.08 


Na 6 + 


6 


172.15 


219.93 


C 4 + 


5 


392.08 


V 8 + 


8 


173.70 


218.38 


C 4 + 


5 


392.08 


Zn 8 + 


8 


1 74.00 


218.08 


Si 6 + 


7 


246.52 


N 2 + 


2 


29.60 


216.92 


Na 7 + 


8 


264.18 


N 3 + 


3 


47.45 


216.73 


Mg 7 + 


8 


265.90 


N 3 + 


3 


4 7.45 


218.45 


P 6 + 


7 


263.22 


N 3 + 


3 


47.45 


215.77 


S 7 + 


8 


328.23 


0 5 + 


5 


1 13.90 


214.33 


F 7 + 


8 


953.89 


O 7 + 


7 


739.32 


214.57 


S 6 + 


7 


280.93 


F3t 


3 


62.71 


218.22 


Si 7 + 


8 


303.17 


F 4 + 


4 


87.14 


216.03 


Ne 7 + 


8 


239.09 


Ne 1 + 


1 


21.56 


217.53 


Al 6 + 


7 


241.43 


Ne 1 + 


1 


21.56 


219.87 


S 6 + 


7 


280.93 


Ne3 + 


3 


63.45 


217.48 


Ne 7 + 


8 


239.09 


Ne 1 + 


1 


21 .56 


217.53 


Ne 7 + 


8 


239.09 


Al 2 + 


2 


18.83 


220.26 


Ne 7 + 


8 


239.09 


P 2 + 


2 


19.73 


219.36 


Ne 7 -» 


8 


239.09 


S 2 + 


2 


23.33 


215.76 
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Ne7 + 
Ne7 + 
Ne7 + 
Ne7 + 
Ne7 + 
Ne7 + 
Ne7 + 
Ne7 + 
Ne7 + 
Ne7 + 
Ne 7 + 
Ne7 + 
Ne7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 + 
Ne 7 4 
Ne 7 + 
Ne 7 + 
No 7 4 
Ne 7 4 
Ne 7 + 
Ne 7 + 



8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 



239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239 09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 

239.09 



CI 2 + 
Sc3 + 
Ni 2 + 
Cu2 + 
Ga2 + 
As 2 + 
Se2 + 
Br 2 + 
Kr 2 + 
Y 3 + 
Zr 3 + 
Nb3 + 
Pd 2 + 
Ag 2 ♦ 
In 2 + 
Te 2 + 
I 2 + 
Xe2 + 
La 3 4 
Ce 3 4 
Pr 3 4 
Nd3 4 
Prn 3 4 
Sm 3 + 
Eu 3 + 
Gd3 4 
Tb3 4 
Dy 3 4 
Ho 3 4 
Ef 3 4 
Tm 3 4 
Yb3 + 
Lu 3 4 
HI 3 4 
Pt 2 4 
Au 2 4 



2 

3 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
3 
3 
3 
3 
2 
2 



23.81 

24.76 

18.17 

20.29 

20.51 

18.63 

21.19 

21.80 

24.36 

20.52 

22.99 

25.04 

19.43 

21.49 

18.87 

18.60 

19.13 

21.21 

19.18 

20.20 

21.62 

22.10 

22.30 

23 40 

24.90 

20.63 

21.91 

22.80 

22.84 

22.74 

23.68 

25.03 

20.98 

23.30 

18.56 

20.50 



215.28 

214.33 

220.92 

218.80 

218.58 

220.46 

217.90 

217.29 

214.73 

218.57 

216.10 

214.05 

219.66 

217.60 

220.22 

220.49 

219.96 

217.88 

219.91 

218.89 

217.47 

216.99 

216.79 

215.69 

214.19 

218.46 

217.18 

216.29 

216.25 

216.35 

215.41 

214.06 

218.13 

215.79 

220.53 

218.59 
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Ne7 + 
Ne7 + 
Mg 6 + 
P 5 + 
Na7 + 
Mg7 + 
P 6 + 
Na 7 + 
Na7 + 
Na7 + 
Na7 + 
Na7 + 
Na7 + 
Na 7 + 
Na 7 + 
Na 7 + 
Na7 + 
Na 7 4 
Na7 + 
Na 7 + 
Na 7 4 
Na 7 + 
Na 7 4 
Na 7 + 
Na 7 + 
Mg 6 4 
S 7 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg6 + 
Mg6 + 
Mg 6 4 
Mg 64 
Mg 6 4 
Mg 6 4 



8 

8 
7 
6 
8 
8 
■ 7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 . 

8 

7 

8 

7 

"7 
/ 

7 
7 
7 
7 
7 
7 
7 



239.09 

239.09 

224.94 

220.43 

264.18 

265.90 

263.22 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

264.18 

224.94 

328.23 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 



Hg2 + 
Tl 2 + 
Na 1 + 
Na 1 + 
Na2 + 
Na2 + 
Na2 + 
Na2 + 
Si 4 + 
S 4 + 
K 3 + 
Ti 4 + 
V 4 + 
Cr 4 + 
Ge4 + 
As 4 + 
Br 4 4 
Sr 3 + 
Mo 4 4 
Sb 4 + 
La 4 + 
Gd4 4 
Yb 4 + 
Lu 4 4- 
Bi 4 4 
Mg 1 + 
Mg 4 + 
Mg 1 + 
Al 1 + 
Si 1 4 
P 1 4 
S 1 + 
K 1 4 
Ca 1 4 
Sc 1 + 
Ti 1 + 



2 
2 
1 
1 

2 

2 

2 

2 

4 

4 

3 

4 

4 

4 

4 

4 

4 

3 

4 

4 

4 

4 

4 

4 

4 

1 
4 



18.76 
20.43 
5.14 
5.14 
47.29 
47.29 
47.29 
47.29 
45.14 
47.30 
45.72 
43.27 
46.71 
49.10 
45.71 
50.13 
47.30 
43.60 
46.40 
44.20 
49.95 
44.00 
43.70 
45.19 
45.30 
7.65 
109.24 
7.65 
5.99 
8.15 
10.49 
10.36 
4.34 
6.11 
6.54 
6.82 



220.33 

218.66 

219.80 

215.29 

216.89 

218.61 

215.93 

216.89 

219.04 

216.88 

218.46 

220.91 

217.47 

215.08 

218.47 

214.05 

216.88 

220.58 

217.78 

219.98 

214.23 

220.18 

220.48 

218.99 

218.88 

217.29 

218.99 

217.29 

218.95 

216.79 

214.45 

214.58 

220.60 

218.83 

218.40 

218.12 
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Mg 6 4 
Mg6 + 
Mg6 + 
Mg 6 + 
Mg 64 
Mg 6 + 
Mg 6 4 
Mg6 + 
Mg 6 + 
Mg6 + 
Mg 6 4 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 4 
Mg 6 4 
Mg 6 + 
Mg 6 + 
Mg 6 4 
Mg 6 + 
Mg 6 4 
Mg 64 
Mg 6 4 
Mg 6 4 
Mg 6 4 
Mg 6 4 
Mg 6 4 
Mg 6 4 



7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 



224.94 
224.94 
. 224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 
224.94 



V 1 + 
Cr 1 + 
Mn 1 + 
Fe 1 + 
Co 1 4 

Ni 1 4 
Cu 1 4 
Zn 1 + 
Ga 1 4 
Ge 1 + 
As 1 4 
Se 1 + 
Rb 1 4 
Sr 1 + 
Y 1 + 
2r 1 + 
Nb 1 4 

Mo 1 4 
Tc 1 4 
Ru 1 + 
Rh 1 + 
Pd 1 4 
Ag 1 + 
Cd 1 + 
In 1 + 
Sn 1 + 
Sb 1 + 
Te 1 4 

I 1 4 

Ba 1 4 
Ba2 4 
La 1 + 
Ce 1 4 
Ce2 + 
Pf 1 4 
Pr 2 4 



6.74 
6.77 
7.43 
7.87 
7.86 
7.64 
7.73 
9.39 
6.00 
7.90 
9.81 
9.75 
4.18 
5.70 
6.38 
6.84 
6.88 
7.10 
7.28 
7.37 
7.46 
8.34 
7.58 
8.99 
5.79 
7.34 
8.64 
9.01 
10.45 
5.21 
10.00 
5.58 
5.47 
10.85 
5.42 
10.55 



218.20 

218.17 

217.51 

217.07 

217.08 

217.31 

217.21 

215.55 

218.94 

217.04 

215.13 

215.19 

220.76 

219.24 

218.56 

218.10 

218.06 

217.84 

217.66 

217.57 

217.48 

216.60 

217.36 

215.95 

219.15 

217.60 

216.30 

215.93 

214.49 

219.73 

214.94 

219.36 

219.47 

214.09 

219.52 

214.39 
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Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 4 
Mg 6 + 
Mg 6 + 
Mg 6 4 
Mg 6 + 
Mg 6 + 
Mg 6 4 
Mg 6 + 
Mg6 + 
Mg 6 + 
Mg 6 + 
Mg 6 4 
Mg 6 4 
Mg 6 + 
Mg 6 4 
Mg 6 4 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 + 
Mg 6 4 



7 
7 
7 
7 
7 

•• 7 
• 7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 



224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 

224.94 



Nd 1 4- 
Nd2 4- 
Pm 1 + 
Pm 2 + 
Sm 1 4- 
Eu 1 + 
Gd 1 4- 
Tb 1 + 
Dy 1 + 
Ho 1 + 
Er 1 + 
Tm 1 + 
Yb 1 4 
Lu 1 + 
Hf 1 + 
Ta 1 + 
W 1 + 
Re 1 + 

Os 1 4- 

lr 1 + 
Pt 1 4 
Au 1 4 
Mg 1 4 

Tl 1 + 

Pb 1 4 
Bi 1 4 
Po 1 4- 
Rn 1 4 
Ra 1 4 
Ra 2 + 
Ac 1 4 
Th 1 4 

Pa 1 4 

U 1 4 
Np 1 + 

PU 1 4 



5.49 
10.73 
5.55 
10.90 
5.63 
5.67 
6.14 
5.85 
5.93 
6.02 
6.10 
6.18 
6.25 
5.43 
6.60 
7.89 
7.98 
7.88 
8.70 
9.10 
9.00 
9.23 
10.44 
6.11 
7.42 
7.29 
8.42 
10.75 
5.28 
10.15 
5.20 
6.10 
5.90 
6.05 
6.20 
606 



219.45 

214.21 

219.39 

214.04 

219.31 

219.27 

218.80 

219.09 

219.01 

218.92 

218.84 

218.76 

218.69 

219.51 

218.34 

21 7.05 

216.96 

217.06 

216.24 

215.84 

215.94 

215.71 

214.50 

218.83 

217.52 

217.65 

216.52 

214.19 

219.66 

214 79 

219.74 

218.84 

219.04 

218.89 

218.74 

218.88 
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Mg 6 + 


7 


224.94 


Am 1 + 


1 


5.99 


2 1 ft Ckc, 


Mg 6 + 


7 


224.94 


Cm 1 + 


1 


6.02 


7 1 ft Q P 

C 1 O. c 


Mg 6 + 


7 


224.94 


Bk 1 + 


1 


6.23 


21 ft 7 1 

CIO./ 1 


Mg 6 + 


7 


224.94 


Cf 1 + 


1 


6.30 


p 1 ft £4 

C 1 O.OH 


Mg 6 + 


7 


224.94 


Es 1 + 


1 


6.42 


P 1 ft ^9 


Mg7 + 


; 8 


265.90 


Si 4 + 


4 


45.14 


ecu. / o 


Mg7 + 


. 8 


265.90 


P 4 + 


4 


51 37 


O 1 A CO 

c i 4 . 53 


Mg7 + 


8 


265.90 


S 4 + 


4 


47 TO 


O "i o n n 

e i o .bO 


Mg7 + 


8 


265.90 


K 3 + 


3 


4S 7? 


eVU. 1 8 


Mg7 + 


8 


265.90 


Ca 3 + 


3 




214 .99 


Mg7 + 


8 


265.90 


V 4 + 


4 




219.19 


Mg7 + 


8 


265.90 


Cr 4 + 


A 


A Q 1ft 


216.80 


Mg7 + 


8 


265.90 


KAf\ A -X 

IVI II H + 


/t 
*t 


v)l .20 


214.70 


Mg 7 + 


8 


265.90 


Cn A x. 

W U H -f- 


/I 


5 1 .30 


214.60 


Mg7 + 


8 


265.90 


Hp a . 




45. / 1 


220.19 


Mg7 + 


8 


265.90 


Ac 4 o- 


** 




215.77 


Mg 7 + 


8 


265.90 


Br 4 + 


A 
** 




2 1 8.60 


Mg7 + 


8 


265.90 


Nb 5 + 






o -i c o r 

21 5.35 


Mg 7 + 


8 


265.90 


Mo 4 + 


4 




O < n r" r>» 

219.50 


Mg 7 + 


8 


265.90 


La 4 + 


4 




<L\ 5.95 


Mg 7 + 


8 


265.90 


Lu 4 + 


4 


4 S 1 Q 




Mg7 + 


8 


265.90 


Bi 4 + 


4 


4S 30 


c cU. oU 


P 5 + 


6 


220.43 


Al 1 + 


1 


5 99 


C. \ e \ . <\ '* 


Si 6 + 


7 


246.52 


Al 3 + 


3 


28.45 


c 1 O . U ( 


Al 6 + 


7 


241.43 


S 2 + 


2 


23.33 


P 1 ft 1 n 
c 10. 1 u 


Al 6 + 


7 


241.43 


CI 2 + 


2 


23.81 


P 1 7 £9 


Al G + 


7 


241.43 


Sc 3 + 


3 


24.76 


P 1 R C7 
c 1 D . O / 


Al 6 + 


7 


241.43 


Ga 2 + 


2 


20 51 




Al 6 + 


7 


241.43 


Se 2 + 


2 


21.19 


oon oa 
c c U . d ' I 


Al 6 + 


7 


241.43 


Br 2 + 


2 


21.80 


219.63 


Al 6 + 


7 


241.43 


Kr 2 + 


2 


24.36 


217.07 


Al 6 + 


7 


241.43 


Rb 2 + 


2 


27.28 


214.15 


Al 6 + 


7 


241.43 


Y3+. 


3 


20.52 


220.91 


Al 6 + 


7 


241.43 


Zr 3 + 


3 


22.99 


218.44 


Al 6 + 


7 


241.43 


Nb 3 + 


3 


25.04 


216.39 


Al 6 + 


7 


241.43 


Mo 3 + 


3 


27.16 


214.27 
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Al 6 4 
A! 6 + 
Al 6 + 
Al 6 4 
Al 6 + 
Al 6 + 
Al 6 + 
Al G + 
Al 6 4 
Al 6 + 
Al 6 4 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 6 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
Al 7 + 
P 6 + 
Si 6 4 
Si 6 4 
Si 6 + 
Si 6 + 



7 
7 
7 
7 
7 
•'7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 



241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241.43 

241 .43 

204.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

284.59 

263.22 

246.52 

246.52 

246.52 

246.52 



Ag 2 + 
Sb 3 + 
Xe2 + 
Cs 2 + 
Pr 3 + 
Nd3 + 
Pm 3 + 
Sm 3 + 
Eu3 + 
Gd3 + 
Tb3 + 
Dy 3 + 
Ho 3 + 
Er 3 + 
Tm 3 + 
Yb3 + 
Lu 3 + 
Hf 3 + 
Au 2 + 
Bi 3 + 
P 5 + 
CI 5 4 
Ca 4 4 
V 5 + 
Cr 5 + 
Ga 4 + 
As 5 4 
Se 5 4 
Kr 5 4 
Mo 6 4 
Pb 5 4 
Si 4 4 
P 3 4 
Ar 2 4 
K 24 
Ti 3 4 



2 
3 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
5 
5 
4 
5 
5 
4 
5 
5 
5 
6 
5 
4 
3 
2 
2 
3 



21.49 

25.30 

21.21 

25.10 

21.62 

22.10 

22.30 

23.40 

24.90 

20.63 

2191 

22.80 

22.84 

22.74 

23.68 

25.03 

20.96 

23.30 

20 50 

25.56 

65.02 

67 80 

67.10 

65.23 

69.30 

64.00 

63.63 

68.30 

64.70 

68.00 

68.80 

45.14 

30.18 

27.63 

31.63 

27.49 



219.94 

216.13 

220.22 

216.33 

219.81 

219.33 

219.13 

218.03 

216.53 

220.80 

219.52 

218.63 

218.59 

218.69 

217.75 

216.40 

220.47 

218.13 

220.93 

215.87 

219.57 

216.79 

21 7.49 

219.36 

215.29 

220.59 

220.96 

216.29 

219.89 

216.59 

215.79 

218.08 

216.34 

218.89 

214.90 

219.03 
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Si 6 + 


7 


04fi CO 


v 3 + 


3 


29.31 


Si 6 + 


7 




Or 3 + 


3 


30.96 


Si 6 + 


7 


Co 


Fe 3 + 


3 


30.65 


Si 6 + 


7 


co 


Ga 3 + 


3 


30.71 


Si 6 + 


7 




As 3 + 


3 


28.35 


Si ft + 


* 7 




Se 3 + 


3 


30.82 


Si B + 


' 7 


24b. 52 


Rb 2 + 


2 


27.28 


Sf G 4- 


7 


O A £2 CO 


Mo 3 + 


3 


27.16 


9i ft o. 
oi o + 


7 


246.52 


Tc 3 + 


3 


29.54 


Ol D + 


7 


246.52 


Ru3 + 


3 


28.47 


oi o + 


/ 


246.52 


Rh 3 + 


3 


31.06 


Ol O 4 


7 


246.52 


In 3 + 


3 


28.03 


Ol o -f 


/ 


246.52 


Sn 3 4 


3 


30.50 


Ol D + 


-> 

7 


246.52 


Te 3 + 


3 


27.96 


Ol o + 


7 


246.52 


Xe 3 + 


3 


32.10 


Ol D + 


-> 
7 


246.52 


Tl 3 + 


3 


29.83 


Ol D + 


/ 


246.52 


Pb 3 + 


3 


31 .94 


Ol D + 


"7 


246.52 


Bi 3 + 


3 


25.56 


Si 7 . 


O 
O 


0 0 ^ ^ — • 
303.1 7 


S 6 + 


6 


88.05 


Si 7 4. 


Q 
O 


303. 1 7 


K 5 + 


5 


82.66 


Si 7 + 


O 


O O O -4 "7 

303.17 


Ca 5 + 


5 


84.41 


Si 7 ^ 


Q 

O 


oU J. 1 / 


Zn 5 + 


5 


82.60 


Si 7 + 


Q 
O 


JU J. 1 / 


Br 6 + 


6 


88.60 


Si 7 +. 


O 


ono 1 7 


Rb 6 + 


6 


84.40 


Si 7 + 


ft 




Bi 6 + 


6 


88.30 


S 6t 


7 




P 5 + 


5 


65.02 


P 5 + 


0 


22U. 43 


K 1 + 




4.34 


P 5 f 


D 


O O A >l O 
220.43 


Ca 1 + 




6.11 


P 5 + 


6 




ba 1 + 




6.00 


P 5* 


6 


220.43 


Rb 1 + 




4.18 


P 5 + 


6 


220.43 


Sr 1 + 




5.70 


P 5 + 


6 


220.43 


Y 1 + 




6.38 


P 5 + 


6 


220.43 


In 1 4- 




5.79 


P 5 + 


6 


220.43 


Cs 1 •+ 




3.89 


P 5 + 


6 


220.43 


Ba 1 + 




5.21 


P 5 + 


6 


220.43 


La 1 + 




5.58 



217.21 

215.56 

215.87 

215.81 

218.17 

215.70 

219.24 

219.36 

216.98 

218.05 

215.46 

218.49 

216.02 

218.56 

214.42 

216.69 

214.58 

220.96 

215.12 

220.51 

218.76 

220.57 

214.57 

218.77 

214.87 

215.91 

216.09 

214.32 

214.43 

216.25 

214.73 

214.05 

214.64 

216.54 

215.22 

214.85 
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P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
5 + 
5 + 
5 + 
5 + 
5 + 
5 + 
5 + 



P 
P 
P 
P 
P 
P 
P 



35 



P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 5 + 
P 6 + 
P 6 + 
P 6 + 
P 6 + 
P 6 + 
P 6 + 
P 6 + 
P 6 + 
P 5 + 



6 
6 
6 
6 
6 
"6 
" 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 



220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

220.43 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 



Ce 1 + 
Pr 1 + 
Nd 1 + 
Pm 1 + 
Sm 1 + 
Eu 1 + 
Gd 1 + 
Tb 1 + 
Dy 1 + 
Ho 1 + 
Er 1 + 
Tm 1 + 
Yb 1 + 
Lu 1 + 
Tl 1 + 
Ra 1 + 
Ac 1 + 
Th 1 + 
Pa 1 + 
U 1 + 
Np 1 + 
Pu 1 + 
Am 1 + 
Cm 1 •+ 
Bk 1 + 
Cf 1 + 
Es 1 + 
S 4 + 
K 3 + 
Ti 4 + 
V 4 + 
Cr 4 + 
Ge 4 + 
Ss4 + 
Br 4 + 
Sr 3 + 



4 

3 

4 

4 

4 

4 

4 

4 

3 



5.47 
5.42 
5.49 
5.55 
5.63 
5.67 
6.14 
5.85 
5.93 
6.02 
6.10 
6.18 
6.25 
5.43 
6.11 
5.28 
5.20 
6.10 
5.90 
6.05 
6.20 
6.06 
5.99 
6.02 
6.23 
6.30 
6.42 
47.30 
45.72 
43.27 
46.71 
49.10 
45.71 
42.94 
4 7.30 
43.60 



214.96 

215.01 

214.94 

214.88 

214.80 

214.76 

214.29 

214.58 

214.50 

214.41 

214.33 

214.25 

214.18 

215.00 

214.32 

215.15 

215.23 

214.33 

214.53 

214.38 

214.23 

214.37 

214.44 

214.41 

214.20 

214.13 

214.01 

215.92 

217.50 

219.95 

216.51 

214.12 

217.51 

220.28 

215.92 

219.62 
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P 
P 
P 
P 
P 



6 + 
6 + 
6 + 
6 + 
6 + 
P 6 + 
P 6 + 
P 6 + 
P 6 + 
6 + 

6 + 

7 + 
7 + 
7 + 
7 + 
7 + 

P. 7 + 
P 7 + 



P 
P 
P 
P 
P 
P 
P 



P 

S 
S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 
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7 4 
6 + 
6 + 
6 4 
6 4 
6 -f 
6 + 

6 + 

7 + 
7 + 
7 + 
7 + 
7 + 
7 + 

S 7 + 
CI 7 4 
Ct 7 + 
CI 7 4 



7 
7 
7 
7 
7 
7 
7 
7 



8 
8 
8 
8 
8 
8 
8 
8 



8 

8 

8 

8 

8 

8 

8 

8 

8 



263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

263.22 

309.41 

309.41 

309.41 

309.41 

309.41 

309.41 

309.41 

309.41 

280.93 

280.93 

280.93 

280.93 

280 93 

280 93 

280.93 

328.23 

328.23 

328.23 

328.23 

328.23 

328.23 

328.23 

348.28 

348.28 

340.28 



Mo 4 + 
Sb4 + 
Eu 4 + 
Gd4 4 
Ho 4 4 
Er 4 + 
Tm 4 4 
Yb 4 + 
Lu 4 + 
Pb 4 + 
Bi 4 + 
Ar 6 + 
Sc 5 4 
Cr 6 4 
Mn 6 4 
Ge5 + 
Br 6 4 
Sr 6 4 

Y 6 + 
K 4 4 

Y 5 4 
Ga 4 4 
As 5 4 
Kr 5 + 

Y 4 4 
Mo 5 4 
CI 7 4 
Ca 6 4 
Sc 6 4 
Ni 6 4 
Zn 6 4 
Kr 7 + 
Sb 6 4 
Ca 7 4 
V 6 + 
Co 7 + 



4 
4 
4 
4 
4 
4 

4 

6 

5 

6 

6 

5 

6 

6 

6 

4 

5 

4 



4 

5 

7 

6 

6 

6 

6 

7 

6 

7 

6 

7 



46.40 
44.20 
42.60 
44.00 
42.50 
42.60 
42.70 
43.70 
45.19 
42.32 
45.30 
91.01 
91.66 
90.56 
95.00 
93.50 
88.60 
90.80 
93.00 
60.91 
65.23 
64.00 
63.63 
64.70 
61.80 
61.20 
1 14.19 
108.78 
111.10 
108.00 
108.00 
1 11. 00 
108.00 
127.70 
128.12 
129.00 



216.82 

219.02 

220.62 

219.22 

220.72 

220.62 

220.52 

219.52 

218.03 

220.90 

217.92 

218.40 

217.75 

218.85 

214.41 

215.91 

220.81 

218.61 

216.41 

220.02 

215.70 

216.93 

21 7.30 

216.23 

219.13 

219.73 

214.04 

219.45 

217.13 

220.23 

220.23 

217.23 

220.23 

220.58 

220.16 

219.28 
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CI 7 + 
CI 7 + 
CI 7 + 
CI 7 + 



8 
8 
8 
8 



348.28 
348.28 
348.28 
348.28 



Ni 7 + 
Zn 7 + 
As 6 + 
Y 8 + 



7 
7 
6 
8 



133.00 

134.00 

127.60 

129.00 
n 



215.28 
214.28 
220.68 
219.28 



n = 54 (resonance shrinkage energy is given by £ 27.21 eV; with 
n= 54. the resonance shrinkage energy is 734.67) 



Atom 
Oxidiz 


n 


nth Ion- 
ization 


Atom n 

Reduced 


nth Ion- 
ization 


c r it?ryy 
rioie 


ed 




Energy 
(eV) 




Fnprnv 

fp\A 

\v v; 


(ev> 


O 6 + 


7 


739.32 


Li 1 + 1 






F 7 + 


8 


953.89 


Be 4 + 4 


?1 7 71 


"7 *> C i ~~7 

f Jo. J 7 


O 6 + 


7 


739.32 


B 1 + 1 




71 1 AO 


O 7 + 


8 


871.39 


O 6+ 6 


1 38.1 2 


7 n *a 07 


O 6 + 


7 


739.32 


Na 1 + 1 


5.14 


/ OS. 1 o 


O 6 + 


7 


739.32 


Mg 1 + 1 


7.65 


7^1 67 
/ O i . o / 


O 6 + 


7 


739.32 


AM + 1 


5.99 


* JO. JO 


O 6 + 


7 


739.32 


Si 1 + 1 


8.15 


/OLID 


O 6 + 


7 


739.32 


K 1 + 1 


4.34 


7^4 Q7 


O 6 + 


7 


739.32 


Ca 1 + 1 


6.1 1 


7n PO 


O 6 + 


7 


739.32 


Sc 1 + 1 


6.54 


732.78 


O 6 + 


7 


739.32 


Ti 1 + 1 


6.82 


732.49 


O 6 + 


7 


739.32 


V 1 + 1 


6.74 


732.58 


O 6 + 


7 


739.32 


Cr 1 + 1 


6.77 


732.55 


O 6 + 


7 


739.32 


Mn 1 + 1 


7.43 


731.88 


O 6 + 


7 


739.32 


Fe 1 + 1 


7.87 


731.45 


O 6 + 


7 


739.32 


Co 1 + 1 


7.86 


731.46 


O 6 + 


7 


739.32 


Ni 1 + 1 


7.64 


731.68 


O 6 + 


7 


739.32 


Cu 1 + 1 


7.73 


731.59 


O 6 + 


7 


739.32 


Ga 1 + 1 


6.00 


733.32 


O 6 + 


7 


739.32 


Ge 1 + 1 


7.90 


731.42 


O 6 + 


7 


739.32 


Rb 1 + 1 


4.18 


735.14 


O 6 + 


7 


739.32 


Sr 1 + 1 


5.70 


733.62 


O 6 + 


7 


739.32 


Y 1 + 1 


6.38 


732.93 


O 6 + 


7 


739.32 


Zr 1 + 1 


6.84 


732.47 



190 



10 



1 5 



20 



25 



30 



35 



O 6 + 


7 


739.32 


Nb 1 + 


O 6 + 


7 


739.32 


Mo 1 + 


0 6 + 


7 


739.32 


Tc 1 + 


O 6 + 


7 


739,32 


Ru 1 + 


O 6 + 


7 


739.32 


Rh 1 + 


O 6 + 


; 7 


739.32 


Pd 1 4. 


O 6 + 


. 7 


739.32 


An 1 a. 


O 6 + 


7 


739.32 




0 6 + 


7 


739 3? 


In 1 a 
ill I -f 


O 6 + 


7 


7TQ TP 


on i + 


O 6 + 


7 


7QQ Op 
/ J j. Oc 


oD i + 


O 6 + 


7 


7TQ TO 


le 1 + 


O 6 + 


7 
t 




US 1 + 


O 6 + 


7 

1 




Ba 1 + 


O 6 + 


7 
/ 


7 TQ TO 


La 1 + 


O 6 + 


7 




Ge 1 + 


O 6 + 


7 


7T9 TP 


rf 1 4 


O 6 + 


7 


7TQ TP 


No i + 


O 6 + 


7 


7TQ TP 


Km 1 + 


O 6 + 


7 


7TQ TP 


bm i + 


06 + 


7 


739 TP 


tU l -f- 


O 6 + 


7 


739 TP 


f^rl 1 . 

V3U ) + 


O 6 + 


7 


739.32 


Th 1 j. 

J U 1 + 


O 6 + 


7 


739.32 


1 i 
i^y i + 


O 6 + 


7 


739.32 


Hn 1 4- 


O 6 + 


7 


739.32 


Fr 1 4. 


O 6 + 


7 


739.32 


Tm 1 ^ 

1 1 1 1 1 4- 


O 6 + 


7 


739 3? 


TU 1 + 


O 6 + 


7 


7T9 TP 


LU 1 + 


O 6 + 


7 


739.32 


HI 1 + 


O 6 + 


7 


739.32 


Ta 1 + 


O 6 + 


7 


739.32 


W 1 + 


O 6 + 


7 


739.32 


Re 1 + 


O 6 + 


7 


739.32 


Os 1 + 


O 6 + 


7 


739.32 


lr 1 + 


O 6 + 


7 


739.32 


Pt 1 * 



6.88 

7.10 

7.28 

7.37 

7.46 

8.34 

7.58 

8.99 

5.79 

7.34 

8.64 

9.01 

3.89 

5.21 

5.58 

5.47 

5.42 

5.49 

5.55 

5.63 

5.67 

6.14 

5.85 

5.93 

6.02 

6.10 

6.18 

6.25 

5.43 

6.60 

7.89 

7.98 

7.88 

8.70 

9.10 

9.00 



732.43 

732.22 

732.03 

731.95 

731.85 

730.97 

731.74 

730.32 

733.53 

731.97 

730.67 

730.31 

735.42 

734.10 

733.74 

733.85 

733.89 

733.83 

733.76 

733.68 

733.65 

733.1 7 

733.47 

733.39 

733.29 

733.22 

733.13 

733.06 

733.89 

732.72 

731.42 

731 .34 

731.43 

730.61 

730.22 

730.32 
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O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 64 
O 6 + 
O 6 + 
O 6 + 
O 6 + 
O 7 + 
O 7 + 
O 7 + 
O 7 + 
O 7 + 
O 7 + 
O 7 + 
O 7 + 
O 7 + 
F 7 + 



7 


739.32 


Au 1 + 


-, 


9.23 


730.09 


7 


739.32 


Tl 1 + 


-, 


6.11 


733.21 


7 


739.32 


Pb 1 + 


! 


7.42 


73 1 .90 


7 


739.32 


Bi 1 + 


1 


7.29 


732 03 


7 


739.32 


Po 1 + 


1 


8.42 


710 Qn 


.7 


739.32 


Ra 1 + 




5.28 




7 


739.32 


Ac 1 + 




5.20 


714 1 1 


7 


739.32 


Th 1 + 




6.10 


711 OO 


7 


739.32 


Pa 1 + 




5 90 


711 4 1 


7 


739.32 


U 1 + 




6 OS 




7 


739.32 


Np 1 + 


1 




700 -1 1 
f 33. I 1 


7 


739.32 


Pu 1 + 




R Oft 


/3 J. 26 


7 


739.32 


Am 1 + 


1 


c; QQ 


/ J J. 33 


7 


739.32 


Om 1 a. 

Vl II IT 


1 


a no 

O.Vd 


/33.29 


7 


739.32 


Bk 1 + 


1 


O. C.O 


~7 O O Art 

/ Jo. 09 


7 


739.32 


Cf 1 + 


1 


O.oU 


700 rt 0 

/ 33.02 


7 


739.32 


Es 1 + 


1 


R 4? 


/ 3<r . yo 


8 


871.39 


O 6 + 


6 


118 1 P 




8 


871.39 


Na 5 + 


5 


1 38 1Q 


/ oo.UU 


8 


871.39 


Mg 5 + 


5 


14 1 .26 


7in 1 ^ 


8 


871.39 


Sc 7 + 


7 


138.00 


733.39 


8 


871.39 


Ti 7 + 


7 


140.80 


730.59 


8 


871.39 


Cu7t 


7 


139.00 


732.39 


8 


871.39 


Zn 7 t 


7 


134.00 


737.39 


8 


871.39 


Rb 8 + 


8 


136.00 


735.39 


8 


871.39 


Te 7 + 


7 


137.00 


734.39 


8 


953.89 


P 6 + 


6 


220.43 


733.46 



' — ' ~ v « k'^^^ 1 ^ o-nciyy 1 lor snriDKmg 

deuterium atoms involving cations and anions. The number in the 
column following the ion, (n). is the nth ionization energy of the 
atom. For example. Ga?* + 30.71 eV = Ga3* + e - and H f e* = H~ + 
3.00 eV. 



Atom 

Oxidiz 

ed 



nth Ion- 
ization 
Energy 
(eV) 



Atom 
Reduced 



nth Ion 
ization 
Energy 
(eV) 



Energy 
Hole 
(eV) 





As 2 + 


3 


28.35 




Ru 2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 


5 


Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 




As 2 + 


3 


28.35 




Ru2 + 


3 


28.47 




Jn 2 + 


3 


28.03 


1 0 


Te 2 + 


3 


27.96 




Al 2 + 


3 


28.45 




Ar 1 + 


2 


27.63 




Ti 2 4 


3 


27.49 




As 2 + 


3 


28.35 


1 5 


Rb 1 + 


2 


27.28 




Mo 2 + 


3 


27.16 




Ru 2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 


20 


Al 2 4 


3 


28.45 




Ar 1 + 


2 


27.63 




Ti 2 + 


3 


27.49 




As 2 + 


3 


28.35 




Tc 2 * 


3 


29.54 


25 


Ru 2 + 


3 


28.47 




In 2 + 


3 


28.03 




Te 2 + 


3 


27.96 




N 1 + 


2 


29.60 




Al 2 4 


3 


28.45 


30 


V 2 + 


3 


29.31 




As 2 + 


3 


28.35 




Tc 2 4 


3 


29.54 




Ru 2 + 


3 


28.47 




TI 2 4 


3 


29.83 


35 


N 1 4 


2 


29.60 




Al 2 + 


3 


28.45 
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1 1 

H 


- 1 0.80 


27.55 


M 


- 1 0.80 


27.67 


H 


- 1 0.80 


27.23 


H 


- 1 0.80 


27.16 


H 


- 1 0.80 


27.65 


H 


• 1 0.80 


26.83 


Li 


- 1 0.61 


27.74 


Li 


- 1 0.61 


27.86 


Li 


- 1 0.61 


27.42 


Li 


- 1 0.61 


27.35 


Li 


- 1 0.61 


27.84 


Li 


- 1 0.61 


27.02 


Li 


- 1 0.61 


26.88 


B 


- 1 0.30 


28.05 


B 


- 1 0.30 


26.98 


B 


- 1 0.30 


26.86 


B 


- 1 0.30 


28.17 


B 


- 1 0.30 


27.73 


B 


- 1 0.30 


27.66 


B 


- 1 0.30 


28.15 


B 


- 1 0.30 


27.33 


8 


- 1 0.30 


27.19 


C 


- 1 1.12 


27.23 


C 


- 1 1.12 


28.42 


C 


• 1 1.12 


27.35 


C 


- 1 1.12 


26.91 


C 


- 1 1.12 


26.84 


C 


-1 1.12 


28.48 


C 


• 1 1.12 


27.33 


C 


1 1.12 


28.19 


O 


1 1.47 


26.89 


O 


1 1.47 


28.07 


O 


1 1.47 


27.00 


O 


1 1.47 


28.36 


O 


1- 1.47 


28.14 


O 


1 1.47 


26.98 



193 



10 



15 



20 



25 



30 



35 



V 2 + 
Ga2 + 
Se 2 + 
Rh2 + 
Sn2 + 
Pb2 + 
K 1 + 
Cr 2 + 
Fe2 
As 2 + 
Ru2 + 
In 2 + 
Te 2 + 
Al 2 + 
Ar 1 + 
Ti 2 + 
As 2 + 
Ru2 + 
In 2 + 
Te 2 + 
Al 2 + 
Ar 1 4 
Ti 2 + 
As 2 4 
Tc 2 + 
Ru 2 + 
TI 2 + 
N 1 + 
Al 2 + 
V 2 + 
As 2 4 
Ru2 4 
In 2 + 
Te 2 4 
Al 2 4 
Ar 1 4 



3 
3 
3 
3 
3 
. 3 
2 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
2 



29.31 

30.71 

30.82 

31.06 

30.50 

31.94 

31.63 

30.96 

30.65 

28.35 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

28.35 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

28.35 

29.54 

28.47 

29.83 

29.60 

28.45 

29.31 

28.35 

28.47 

28.03 

27.96 

28.45 

27 63 



O 

F 

F 

F 

F 

F 

F 

F 

F 

Na 
Na 
Na 
Na 
Na 
Na 
Na 
Al 

Al 

Al 

Al 

Al 

Al 

Al 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

P 
P 
P 
P 
P 
P 



1.47 

3.45 

3.45 

3.45 

3.45 

3.45 

3.45 

3.45 

3.45 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

0.52 

1.39 

1.39 

1.39 

1.39 

1.39 

1.39 

1.39 

0.78 

0.78 

0.78 

0.78 

0.78 

0.78 



27.84 

27,26 

27.37 

27:61 

27.05 

28.49 

28.18 

27.51 

27.20 

27.83 

27.95 

27.51 

27.44 

27.93 

27.11 

26.97 

27.83 

27.95 

27.51 

27.44 

27.93 

27.1 1 

26.97 

26.96 

28.15 

27.08 

28.44 

28.21 

27.06 

27.92 

27.57 

27.69 

27.25 

27.18 

27.67 

26.85 
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Tc 2 + 


3 


29.54 


S 


Sn 2 + 


3 


30.50 


S 


Tl 2 + 


3 


29.83 


S 


N 1 + 


2 


29.60 


S 


P 2 + 


3 


30.18 


S 


V 2 + 


3 


29.31 


S 


Ga 2 + 


3 


30.71 


CI 


Se 2 + 


3 


30.82 


CI 


Rh2 + 


3 


31.06 


CI 


Sn 2 + 


3 


30.50 


CI 


Xe2 + 


3 


32.10 


CI 


Pb2 + 


3 


31.94 


CI 


K 1 + 


2 


31.63 


CI 


Cr 2 + 


3 


30.96 


CI 


Fe2 + 


3 


30.65 


CI 


As 2 + 


3 


28.35 


K 


Ru2 + 


3 


28.47 


K 


In 2 + 


3 


28.03 


K 


Te 2 + 


3 


27.96 


K 


A! 2 + 


3 


28.45 


K 


Ar 1 + 


2 


27.63 


K 


As 2 + 


3 


28.35 


Fe 


Ru 2 + 


3 


28.47 


Fe 


In 2 .+ 


3 


28.03 


Fe 


Te 2 + 


3 


27.96 


Fe 


Al 2 + 


3 


28.45 


Fe 


Ar 1 4 


2 


27.63 


Fe 


Ti 2 + 


3 


27.49 


Fe 


As 2 + 


3 


28.35 


Co 


Ru2 + 


3 


28.47 


Co 


In 2 4 


3 


28.03 


Co 


To 2 + 


3 


27.96 


Co 


Al 2 + 


3 


28.45 


Co 


V 2 + 


3 


29.31 


Co 


Tc 2 + 


3 


29.54 


Cu 


Tl 2 4 


3 


29.83 


Cu 



2.07 

2 07 

2.07 

2.07 

2.07 

2.07 

3.61 

3.61 

3.61 

3.61 

3.61 

3.61 

3.61 

3.61 

3.61 

0.69 

0.69 

0.69 

0.69 

0.69 

0.69 

0.56 

0.56 

0.56 

0.56 

0.56 

0.56 

0.56 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

1.82 

1.82 



27.47 

28.43 

27.76 

27.53 

28.1 1 

27.24 

27.10 

27.21 

27.45 

26.89 

28.49 

28.32 

28.01 

27.35 

27.04 

27.66 

27.78 

27.34 

27.27 

27.75 

26.93 

27.79 

27.91 

27.47 

27.40 

27.89 

27.07 

26.93 

27.40 

27.52 

27.08 

27.01 

27.49 

28.36 

27.72 

28.01 
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N 1 + 


2 


29.60 


Cu 




P 2 + 


3 


30.18 


Cu 


1 


V 2 + 


3 


29.31 


Cu 




Ga 2 + 


3 


30.71 


Br 


r 
O 


Se 2 4 


3 


30.82 


Br 




Rh 2 + 


'3 


31.06 


Br 




Sn 2 + 


3 


30.50 


Br 




P 2 4 


3 


30.18 


Br 




K 1 + 


2 


31.63 


Br 


1 0 


Cr 2 4 


3 


30.96 


Br 




Fe2 4 


3 


30.65 


Br 




As 2 4 


3 


28.35 


Rb 




Rb 1 + 


2 


27.28 


Rb 




Mo 2 + 


3 


27.16 


Rb 


1 5 


Ru2 + 


3 


28.47 


Rb 




In 2 4 


3 


28.03 


Rb 




Te 2 + 


3 


27.96 


Rb 




AJ 2 4 


3 


28.45 


Rb 




Ar 1 + 


2 


27 63 


Rb 


20 


Ti 2 4 


3 


27.49 


Rb 




Ga 2 + 


3 


30.71 


1 




Se 2 4 


3 


30.82 


1 




Rh 2 + 


3 


31.06 


1 




Sn 2 4 


3 


30.50 


1 




P 2 4 


3 


30.18 


1 




Cr 2 4 


3 


30.96 


1 




Fe 2 4 


3 


30.65 


1 




As 2 4 


3 


28.35 


Cs 




Rb 1 4 


2 


27.28 


Cs 


30 


Mo 2 + 


3 


27.16 


Cs 




Ru2 + 


3 


28.47 


Cs 




In 2 4 


3 


28.03 


Cs 




Te 2 4 


3 


27.96 


Cs 




Al 2 + 


3 


28.45 


Cs 


35 


Ar 1 + 


2 


27.63 


Cs 




Ti 2 + 


3 


27.49 


Cs 



1.82 

1.82 

1.82 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

3.36 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

3.06 

3.06 

3.06 

3.06 

3.06 

3.06 

3.06 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 



27.78 

28.36 

27.49 

27.35 

27.46 

27.70 

27.14 

26.82 

28.26 

27.60 

27.29 

28.05 

26.98 

26.86 

28.17 

27.73 

27.66 

28.15 

27.33 

27.19 

27.65 

27.76 

28.00 

27.44 

27.12 

27.90 

27.59 

28.05 

26.98 

26.86 

28.17 

27.73 

27.66 

28.15 

27.33 

27.19 
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Tc 2 + 


3 


29.54 


Se 


Tl 2 + 


3 


29.83 


Se 


N 1 + 


2 


29.60 


Se 


P 2 + 


3 


30.18 


Se 


V 2 + 


3 


29.31 


Se 


Tc 2 + 


3 


29.54 


Te 


Sn2 + 


3 


30.50 


Te 


Tl 2 + 


3 


29.83 


Te 


N 1 + 


2 


29.60 


Tp 


P 2 + 


3 


30.18 


Tp 


V 2 + 


3 


29.31 


To 


Fe2 + 


3 


30.65 


To 


As 2 + 


3 


28 35 


M S 


Ru2 + 


3 


28.47 


A c 


In 2 + 


3 


28.03 


A c 
/A 5 


Te2 + 


3 


27.96 


f\ S 


Al 2 + 


3 


28.45 


A c 


Ar 1 + 


2 


27.63 


A o 
AS 


Ti 2 + 


3 


27.49 


A e 
/A b 


Tc 2 + 


3 


29.54 


ou 


Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 


Sb 


P 2 + 


3 


30.18 


Sb 


V 2 + 


3 


29.31 


Sb 


As 2 + 


3 


28.35 


Bi 


Ru2 + 


3 


28.4 7 


Bi 


In 2 + 


3 


28.03 


Bi 


Te 2 + 


3 


27.96 


Bi 


Al 2 + 


3 


28.45 


Bi 


Ar 1 + 


2 


27.63 


Bi 


Tc 2 + 


3 


29.54 


Tl 


Sn 2 + 


3 


30.50 


Tl 


Tl 2 + 


3 


29.83 


Tl 


N 1 + 


2 


29.60 


Tl 


P 24 


3 


30.18 


Tl 


V 2 + 


3 


29.31 


Tl 



1.70 

1.70 

1.70 

1.70 

1.70 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

2.20 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

2.00 

2.00 

2.00 

2.00 

2.00 . 

0.70 

0.70 

0.70 

0.70 

0.70 

0.70 

2.10 

2.10 

2.10 

2.10 

2.10 

2.10 



27.84 

28.13 

27.90 

28.48 

27.61 

27.34 

28.30 

27.63 

27.40 

27.98 

27.11 

28.45 

27.75 

27.87 

27.43 

27.36 

27.85 

27.03 

26.89 

27.54 

27.83 

27.60 

28.18 

.27,31 

27.65 

27.77 

27.33 

27.26 

27.75 

26.93 

27.44 

28.40 

27.73 

27.50 

28.08 

27.21 



i 
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Tc 2 + 
Sn 2 + 
Tl 2 + 
N 1 + 
P 2 + 

V 2 + 
As 2 + 
Tc 2 + 
Ru2 + 
Tl 2 + 
N 1 + 
Al 2 * 

V 2 + 
As 2 + 
Ru2 + 
In 2 + 
Te 2 + 
Al 2 + 
Ar 1 + 
Ti 2 + 
As 2 + 
Tc 2 + 
Ru 2 + 
In 2 + 
N 1 4 
Al 2 + 
V 2 4 
As 2 + 
Rb 1 + 
Ru2 < 
In 2 + 
Te 2 + 
Al 2 + 
Ar 1 + 
Ti 2 + 
As 2 + 



3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
2 
3 
3 
3 
2 
3 
3 
3 
3 
2 
3 
3 



29.54 

30.50 

29.83 

29.60 

30.18 

29.31 

28.35 

29.54 

28.47 

29.83 

29.60 

28.45 

29.31 

28.35 

28.47 

28 03 

27.96 

28.45 

27.63 

27.49 

28.35 

29.54 

28.47 

28.03 

29.60 

28.45 

29.31 

28.35 

27.28 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

28.35 



Au 

Au 

Au 

Au 

Au 

Au 

Hg 

Hg 

Hg 
Hg 
Hg 
Hg 
Hg 

As 

As 

As 

As 

As 

As 

As 

Ce 

Ce 

Ce 

Ce 

Ce 

Ce 

Ce 

F f 

Fr 

Fr 

Fr 

Fr 

Fr 

Fr 

Fr 
Ce 



2.10 

2.10 

2.10 

2.10 

2.10 

2.10 

1.54 

1.54 

1.54 

1.54 

1.54 

1.54 

1.54 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

1.20 

0.46 

0.46 

0.46 

0.46 

0.46 

046 

0.46 

0.46 

1.20 



27.44 

28.40 

27.73 

27.50 

28.08 

27.21 

26.81 

28.00 

26.93 

28.29 

28.06 

26.91 

27.77 

27.75 

27.87 

27.43 

27.36 

27.85 

27.03 

26.89 

27.15 

28.34 

27.27 

26.83 

28.40 

27.25 

28.1 1 

27.89 

26.82 

28.01 

27.57 

27.50 

27.99 

27.17 

27.03 

27.15 
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■ OCT 


1 






- 1 1.20 


28.34 




r»Li c t 




<_ O . H 1 




- 1 1.20 


27.27 




In 2 4 


3 


28 03 




- i 1 .20 


26.83 




N 1 + 


2 


29 RH 




- 1 1.20 


28.40 


5 


Al 2 + 




2ft d 1 ^ 


rick 


- 1 1.20 


27.25 




V 2 + 


vJ 


2Q ^ 1 




- 1 1.20 


28.1 1 




A<: 2 ^ 


o 




on 


- 1 1.25 


27.10 




Tr 2 a. 


o. 


<Lo . 34 


on 


- 1 1.25 


28.29 




nu <i 4 


o 




Sn 


- 1 1.25 


27.22 




IM 1 4 


2 


29.60 


Sn 


- 1 1.25 


28.35 




Al d + 


o 


o o m r~ 

28.45 


Sn 


- 1 1.25 


27.20 




V 2 4 


3 


29.31 


Sn 


- 1 1.25 


28.06 




At- O 

AS 2 4 


**> 
3 


28.35 


Pb 


- 1 1.05 


27.30 




IC 2 4 


3 


29.54 


Pb 


- 1 1.05 


28.49 


1 ^ 


n, . o 
Ku 2 4 


3 


28.47 


Pb 


- 1 1.05 


27.42 




In 2 4 


3 


28.03 


Pb 


- 1 1.05 


26.98 




O 

Fe 2 + 


3 


27,96 


Pb 


- 1 1.05 


26.91 




Al 2 4 


3 


28.45 


Pb 


- 1 1.05 


27.40 




V £ 4 


o 

3 


29.31 


Pb 


•1 1.05 


28.26 


20 


Tr 9 . 

1 G 4 


o 
o 


OO C A 

29.54 


Po 


1 1.80 


27.74 




1 1 <: 4 


o 
J 


29.83 


Po 


1 1.80 


28.03 




IN I 4 


2 


O O O 

29.60 


Po 


1 1.80 


27.80 




P 2 4. 


o 


in 1 q 


Po 


1 1.80 


28.38 




V 2 + 


Q 
O 


9Q O. 1 
d.\3 .J 1 


Po 


1 1.80 


27.51 


25 


2 * 




on 7< 


A t 


1 2.80 


27.91 




So 2 + 


Q 


in fto 

OU . O £ 


A t 


1 2.80 


28.02 




Rh 2 .i. 


o 


J 1 .Ub 


A t 


1 2.80 


28.26 




Ol I C T 




oU.oU 


A t 


1 2.80 


27.70 




Tl 2 j. 

II C T 






At 


1 2.80 


27.03 


30 


N 1 + 


2 


29.60 


Al 


1 2.80 


26.80 




P 2 + 


3 


30.18 


At 


1 2.80 


27.38 




Cr 2 + 


3 


30.96 


At 


1 2.80 


28.16 




Fe 2 + 


3 


30.65 


At 


1 2.80 


27.85 




As 2 


3 


28.35 


Ge 


1 1.20 


27.15 


35 


Tc 2 + 


3 


29.54 


Ge 


1 1.20 


28.34 




Ru 2 + 


3 


28.47 


Gg 


1 1.20 


27.27 
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In 2 + 
N 1 + 
Al 2 + 
V 2 + 
As 2 + 
Rb 1 + 
Ru2 + 
In 2 + 
Te 2 + 
Af 2 + 
Ar 1 + 
Ti 2 + 
As 2 + 
Rb 1 + 
Mo2 + 
Ru2 + 
ln 2 + 
Te 2 + 
A! 2 + 
Ar 1 + 
Ti 2 + 
As 2 + 
Tc 2 + 
Ru 2 + 
N 1 + 
Al 2 + 
V 2 + 
Cations 



3 

2 

3 

3 

3 

2 

3 

3 

3 

3 

2 

3 

3 

2 

3 

3 

3 

3 

3 

2 

3 

3 

3 

3 

2 

3 

3 



28.03 

29.60 

28.45 

29.31 

28.35 

27.28 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

28.35 

27.28 

27.16 

28.47 

28.03 

27.96 

28.45 

27.63 

27.49 

28.35 

29.54 

28.47 

29.60 

28.45 

29.31 



by ~ 2 

Atom 

Oxidiz 

ed 

Be 3 + 
Be 3 + 



and anions with n 
27.21; wilh n = 16. 

n nlh Ion- 
ization 
Energy 
(eV) 
4 217.71 
4 217.71 



Ge 

Ge 

Ge 

Ge 

Ga 

Ga 

Ga 

Ga 

Ga 

Ga 

Ga 

Ga 

In 

In 

In 

In 

In 

In 

In 

In 

In 

Ag 

Ag 

Ag 

Ag 

Ag 

Ag 



1.20 

1.20 

1.20 

1.20 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.37 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 



26.83 
28.40 
27.25 
28.11 
27.98 
26.91 
28.10 
27.66 
27.59 
28.08 
27.26 
27.12 
28.00 
26.93 
26.81 
28.12 
27.68 
27.61 
28.10 
27.28 
27.14 
27.05 
28.24 
27.17 
28.30 
27.15 
28.01 



16 (resonance shrinkage energy is given 
Ihe resonance shrinkage energy is 217.68) 

n nth Ion- Energy 
ization Hole 
Energy (eV) 
(eV) 

- 1 0.80 216.91 

" 1 0.61 217.10 



Atom 
Reduced 



H 

Li 
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10 



15 



20 



25 



30 



35 



be 3 4 


4 


21 7.71 


B 


bo J 4 


4 


217.71 


C 


be J 4 


4 


217.71 


O 


" b 4 


6 


220.43 


O 


r b 4 


6 


220.43 


F 


Be 3 4 


4 


217.71 


Ha 


be 3 4 


4 


217.71 


Al 


oe 3 4 


4 


217.71 


Si 


be 3 4 


4 


217.71 


P 


be 3 4 


4 


217.71 


S 


P 5 4 


6 


220.43 


s 


P 5 4 


6 


220.43 


CI 


Be 3 4 


4 


217.71 


K - 1 


Be 3 4 


4 


217.71 


Fe - 1 


Be 3 4 


4 


217.71 


Co . 1 


Be 3 4 


4 


217.71 


Cu . 1 


P 5 4 


6 


220.43 


Cu - 1 


P 5 4 


6 


220.43 


Br - 1 


Be 3 4 


4 


217.71 


Rb - 1 


D IT 

P 5 4 


6 


220.43 


• - 1 


be 3 4 


4 


217.71 


Cs - 1 


be 3 4 


4 


21 7.71 


Se - i 


r b 4 


6 


220.43 


Se - 1 


P ^ , 
r b 4 


6 . 


220.43 


Te -1 


Dt7 O 4 


A 

H 


21 7.7 1 


As - 1 


P S 4. 


o 


220.43 


As - 1 


• O 4 


D 


220.43 


Sb - 1 


be j 4 


4 


21 7.71 


Bi - 1 


P 5 4 


D 


d <:U.4 3 


Bi - 1 


P 5 + 


6 


220.43 


Tl - 1 


P 5 + 


6 


220.43 


Au . 1 


Be 3 + 


4 


217.71 


Hg - 1 


P 5 + 


6 


220.43 


Hg - 1 


Bo 3 + 


4 


217.71 


As - 1 


P 5 + 


6 


220.43 


As • 1 


Be 3 ♦ 


4 


217.7\ 


Ce . i 



0.30 

1.12 

1.47 

1.47 

3.45 

0.52 

0.52 

1.39 

0.78 

2.07 

2.07 

3.61 

0.69 

0.56 

0.95 

1.82 

1.82 

3.36 

0.30 

3.06 

0.30 

1.70 

1.70 

2.20 

0.60 

0.60 

2.00 

0.70 

0.70 

2.10 

2.10 

1.54 

1.54 

0.60 

0.60 

1.20 



217.41 

216.59 

216.25 

218.96 

216.98 

217.19 

217.19 

216.32 

216.94 

215.64 

218.36 

216 82 

217.02 

217.15 

216.76 

215.89 

210.61 

217.07 

217.41 

217.37 

217.41 

216.01 

218.73 

218.23 

217.1 1 

219.83 

218.43 

217.01 

219.73 

218.33 

218.33 

216.17 

218.89 

217.1 1 

219.83 

216.51 
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P 5 + 


6 


220.43 


Be 3 + 


4 


217.71 


P 5 + 


6 


220.43 


Be 3 + 


4 


217.71 


P 5 + 


6 


220.43 


Be 3 + 


;4 


217.71 


P 5 + 


6 


220,43 


Be 3 + 


4 


217.71 


P 5 + 


6 


220.43 


P 5 + 


6 


220 43 


P 5 + 


\J 


C-<L\J .*# o 


Be 3 + 


4 


217.71 


P 54 


6 


220.43 


Be 3 + 


4 


217 71 


Be 3 + 


4 


217.71 


Be 3 + 


4 


217.71 


P 5 + 


6 


220.43 


Cations 


and 


anions with 



by ~ 27.21; with n = 54, 
734.67) 



Atom 


n 


nth ion- 


Oxidiz- 




ization 


ed 




Energy 
(eV) 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 



Ce 


1 1.20 


219.23 


Fr - 1 


0.46 


21 7.25 


Fr - 1 


0.46 


219.97 


Ge - 1 


1.20 


216 51 


Ge - 1 


1.20 




Sn - 1 


1.25 


?1 fi 4fi 


Sn - 1 


1.25 


p i q 1 n 


Pb - 1 


1.05 


0 1 PL CC 


Pb - 1 


1 OS 


o i Q QO 


Po - 1 


1 AH 


d 1 o.o3 


At - 1 


2.80 


217.63 


Ge - 1 


1.20 


216.51 


Ge - 1 


1.20 


219.23 


Ga • . 1 


0.37 


217.34 


In - 1 


0.35 


217.36 


Ag - 1 


1.30 


216.41 


Ag -1 


1.30 


219.13 


54 (resonance shrinkage 


energy is given 


ie resonance shrinkage energy is 


Atom n 


nth Ion- 


Energy 


Reduced 


ization 


Hole 




Energy 


(eV) 




(eV) 




H - i 


0.80 


738.52 


Li - 1 


0.61 


738.70 


C - 1 


1.12 


738.20 


O - 1 


1.47 


737.85 


F - 1 


3.45 


735.87 


Na - 1 


0.52 


738.80 


Al . 1 


0.52 


738.80 


Si - 1 


1.39 


737.93 


P - 1 


0.78 


738.54 


S - 1 


2.07 


737.24 


CI - i 


3.61 


735.70 
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\J D + 


7 
f 


"7 O f» 00 

/ jy. 


KJ D + 


7 


700 10 


v_/ o -+• 


7 




W D + 


7 


7 Q Q OO 


w D + 


7 


/ jy . 


O £ _L 

v> D + 


: 7 
* / 


/ Jy. J2 


w D + 


/ 


739.32 


Pi c . 
LJ o + 


/ 


739.32 


U b + 


-7 

7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 •+ 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6 + 


7 


739.32 


O 6* 


7 


739.32 


O 6* 


7 


739.32 


O 6 + 


7 


739.32 





1 0.69 


738.62 


Fe 


1 n cc 
1 U.ob 


738.76 


Co 


I U.95 


738.36 




1 1.82 


737.49 


Rr 


1 3.36 


735.95 


1 
1 


1 3.06 


736.25 




1 1.70 


737.61 


1 e 


1 2.20 


737.11 


AS 


1 0.60 


738.72 


bo 


1 2.00 


737.32 


Bi 


1 0.70 


738.61 


Tl 


1 2.10 


737.22 


Au 


1 2.10 


737.22 


Hg 


1 1.54 


737.78 


As 


1 0.60 


738.72 


Ce 


1 1.20 


738.11 


Ft 


1 0.46 


738.85 


Ge 


1 1.20 


738.1 1 


Sn 


1 1.25 


738.07 


Pb 


1 1.05 


738.27 


Po 


I 1.80 


737.52 


At 


1 2.80 


736.52 


Ge - 1 


1.20 


. 738.11 


Go - 1 


0.37 


738.95 


In - 1 


0.35 


738.97 


Ag -1 


1.30 


738.02 


comprising a 


cation and a 


molecule 



v . ^wuuuiny energy noies ror shrinking deuterium atoms 

where the molecule is reduced. The number in the column following 
Ihe .on or molecule, (n). is the nth ionization energy of the atom or 
molecule. For example. Ga2 + + 30 .71 eV = Ga3 + + e - and BF 3 + e - - 



BF3 + 2.65 eV 
Atom n 
Oxidiz- 
ed 



nth Ion- 
ization 
Energy 
(eV) 



Atom 

Reduced 



nth Ion- 
ization 
Energy 
<eV) 



Energy 
Hole 
(eV) 
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10 



15 



20 



25 



30 



35 



Ga2 + 
Se2 + 
Tc 2 + 
Rh2 + 
Sn 2 4 
Tl 2 + 
N 1 + 
P 2 + 
Cr2 + 
Fe 2 + 
Se 2 + 
Rh2 + 
Xe2 + 
Pb2 + 
K 1 + 
Cr 2 + 
As 2 4 
Rb 1 + 
Ru2 + 
In 2 + 
Te 2 4 
At 2 + 
Ar 1 + 
Ti 2 + 
As 2 4 
Tc 2 4 
Ru2 + 
Tl 2 + 
N 1 4 
Al 2 + 
V 2 + 
Ga2 + 
Se 2 4 
Tc 2 4 
Rh 2 + 
Sn 2 4 



3 

3 
3 
3 
3 
;3 
. 2 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
2 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 

3 . 
3 
3 



30.71 


BF 3 


- 1 2.65 


28.06 


30.82 


BF 3 


- 1 2.65 


28.17 


29.54 


BF 3 


- 1 2.65 


26.89 


31. OS 


BF 3 


- 1 2.65 


28.41 


30.50 


BF 3 


- 1 2.65 


27.85 


29.83 


. BF 3 


- 1 2.65 


27.18 


29.60 


BF 3 


- 1 2.65 


26.95 


30.18 


BF 3 


- 1 2.65 


27 53 


30.96 


BF 3 


- 1 2.65 


28.31 


30.65 


BF 3 


- 1 2.65 


28 no 

C-KJ . \J\J 


30.82 


N02 


• 1 3.91 


PA Q I 

£.0. y 1 


31.06 


NQ2 


• 1 3.91 


97 -t c 


32.10 


NO2 


- 1 3.91 


<- 0 . 1 y 


31.94 


NO2 


1 3 9j 




31.63 


NO2 


1 3 91 




30.96 


NO2 


1 3.91 




28.35 


O2 


1 0.45 




27.28 


O2 


1 0.45 


PA DO 


28.47 


02 


1 0.45 


PR no 


28.03 


O2 


1 0.45 




27.96 


O2 


1 0.45 




28.45 


O2 


1 0.45 




27.63 


O2 


1 0.45 


P7 1 R 


27.49 


0 2 


1 0.45 


27 04 

C t . yj *■# 


28.35 


SF 6 


1 1.43 


PR QP 


29.54 


SF 6 


1 1.43 


28 1 1 


28.47 


SF 6 


1 1.43 


27 04 


29.83 


SF 6 


1 1.43 


28 40 


29.60 


SF 6 


1 1.43 


28.17 


28.45 


SF 6 - 1 


1.43 


27.02 


29.31 


SF 6 - 1 


1.43 


27.88 


30.71 


WF 6 - 1 


2.74 


27.97 


30.82 


WF 6 - 1 


2.74 


28.08 


29.54 


WF 6 - 1 


2.74 


26.80 


31.06 


WF 6 - 1 


2.74 


26.32 


30.50 


WF 6 - 1 


2.74 


27.76 
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35 



T1 2 + 


3 


29.83 


WFr 


1 P 74 


o~7 no 

d / .uy 


N 1 + 


2 


29.60 


WFg 


1 P 74 




P 2 + 


3 


30.18 


WFk 

».»■■ q 


1 P 74 


OT yl yl 


Cr 2 4 


3 


30.96 




1 P 74 


0 0 00 
do.dd 


Fe 2 + 


3 


30.65 


■ » • Q 


1 9 74 


07 n -i 


Ga 2 + 


: 3 


30.71 




1- O Q i 


27.80 


Se 2 + 


3 






1 0 n -i 


27.91 


Rh 2 + 


3 


31 06 




1 0 n i 


28.15 


Sn 2 + 




30 ^n 


1 


1 2.91 


27.59 


Tl 2 + 




OQ oo 




1 2.91 


26.92 


P 2 + 


o 


1 A 

ou. io 


\ IO 

Uh6 


1 2.91 


27.27 


V-/I £ + 


-J 


on QR 




1 2.91 


28.05 


■ y C "f 


Q 

O 


on c c 


UF6 


1 2.91 


27.74 


■ t» £ + 


J 




CF3 


1 1.85 


27.69 




o 
J 


OQ GO 


CF3 


1 1.85 


27.98 




o 
c. 






1 1.85 


27.75 




o 
o 


OQ i Q 


CF3 


1 1.85 


28.33 


V 9 . 


o 

o 


OQ O 1 


CF3 


1 1.85 


27.46 




o 
o 


OQ OC 
CO.OJ 


OOI3 


1 1.22 


27.13 


Tc 2 + 


9 


9Q *^<4 


0013 


1 1.22 


28.32 


Ru 2 + 


3 


PA 47 


C013 


1 1.22 


27.25 


In 2 + 


3 


PR 03 


rrio 

^v^»3 


1 1.22 


26.81 


N 1 + 


2 


29 60 




1 100 

1 1.^2. 


28.38 


AI 2 + 


3 


28.45 




1 100 
• 1 .dd 


27.23 


V 2 + 


3 


29.31 


CCfo 


1 1 00 
i 1 .dd 


28.09 


Ga 2 + 


3 


30. 71 


^iFo 


1 00c 
t J.Jb 


27.36 


Se 2 + 


3 


TO ftp 


olr3 


1 3 35 


27.47 


Rh 2 + 


3 


31 06 




1 00c 
1 J. 35 


27.71 


Sn 2 + 


o 


30 ^0 




• 3.35 


27.15 


P 2 + 


3 


30.18 


SiF 3 


1 3.35 


26.83 


K 1 + 


2 


31.63 


SiF 3 


1 3.35 


28.27 


Cr2 + 


3 


30.96 


SiF 3 


3.35 


27.61 


Fe 2 + 


3 


30.65 


SiF 3 - 1 


3.35 


27.30 


As 2 + 


3 


28.35 


NH2 - 1 


1.12 


27.23 


Tc 2 + 


3 


29.54 


NH2 - 1 


112 


28.42 


Ru 2 + 


3 


28.47 


NH2 - 1 


1.12 


27.35 
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In 2 + 


3 


28.03 




Te2 + 


3 


27.96 




N 1 + 


2 


29.60 




Al 2 + 


3 


28.45 


5 


V 2 + 


3 


29.31 




Tc 2 + 


' 3 


29.54 




Ru2 + 


- 3 


28.47 




Tl 2 + 


3 


29.83 




N 1 + 


2 


29.60 


10 


At 2 + 


3 


28.45 




V 2 + 


3 


29.31 




Tc 2 + 


3 






Tl 2 + 


3 


29 83 




N 1 + 


2 


29 60 


1 5 


P 2 + 


3 


OU. IO 




V 2 + 


3 


C J. J 1 




Tr ? + 


q 






Sn 2 + 


\j 


30 ^io 




Tl 2 + 


3 


PQ fi3 


20 


N 1 + 


2 






P 2 + 


3 


30. 1 8 




V 2 + 


3 


29.31 




Fe 2 + 


3 


30.65 




Ga 2 + 


3 


30 71 


25 


Se 2 + 


3 


30.82 




Rh 2 + 


3 


31.06 




Sn 2 + 


3 


30.50 




P 2 + 


3 


30.18 




K 1 + 


2 


31 63 


30 


Cr 2 + 


3 


30.96 




Fe 2 + 


3 


30.65 




Tc 2 + 


3 


29.54 




Sn 2 + 


3 


30.50 




Tl 2 + 


3 


29.83 


35 


N 1 + 


2 


29.60 




P 2 + 


3 


30.18 



NH2 


1 1.12 


26.91 


NH2 


1 1.12 


26.84 


NH2 


1 1.12 


28.48 


NH2 


1 1.12 


27.33 


NH2 


1 1.12 


28,19 


PH 2 


1 1.60 


27.94 


PH 2 


1 1.60 


26.87 


PH 2 


1 1.60 


28 23 


PH 2 


1 1.60 


28 00 


PH ? 


1 1.60 


fcO.OJ 


PH 2 


1 1.60 


91 71 


CH 


1 1 


C / . ( 1 


CH 


1 1 .o o 


O O HA 


CH 


1 1 ftQ 




CH 




c8. 35 


Of 




^/.4o 


SH 


1 9 1 Q 


C / .JO 


SH 




CO .J 1 


SH 


1 p iq 

I C.I-/ 




SH 


1 2 19 




SH 


1 2 19 




SH 


1 2.19 


97 1 P 


SH 


1 2.19 




CN 


1 3 17 


97 ^/l 


CN 


1 3 17 


97 £^ 


CN 


1 3 17 


07 OQ 


CN 


1 3 17 

• O.I/ 


97 

c / . JO 


CN 


1 3 17 


97 01 


CN 


\ 3 17 




CN 


1 3.17 


27.79 


CN - 1 


I 3.17 


27.48 


SCN - 1 


2.17 


27.37 


SCN - 1 


2.17 


•28.33 


SCN - 1 


2.17 


27.66 


SCN - 1 


2.17 


27.43 


SCN - 1 


2.17 


28.01 
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V 2 + 


3 


29.31 


SCN 


Fe2 + 


3 


30.65 


SCN 


Ga2 + 


3 


30.71 


SeCN 


Se2 + 


3 


30.82 


SeCN 


Tc 2 + 


3 


29.54 


SeCN 


Rh2 + 


3 


31.06 


SeCN 


Sn2 + 


. 3 


30.50 


SeCN 


Tl 2 + 


3 


29.83 


SeCN 


N 1 + 


2 


29.60 


SeCN 


P 2 + 


3 


30.18 


SeCN 


Cr 2 + 


3 


30.96 


SeCN 


Fe 2 + 


3 


30.65 


SeCN 



Cations and molecular anions with n = 
energy is given by | 27.21 with n 
shrinkage energy is 217.68) 



Atom 


n 


nth Ion- 


Atom 


Oxidiz- 




ization 


Reduc 


ed 




Energy 
(eV) 




P 5 + 


6 


220.43 


BF 3 


P 5 + 


6 


220.43 


NO2 


Be3 + 


4 


217.71 


o 2 


P 5 + 


6 


220.43 


02 


Be 3 + 


4 


217.71 


SF6 


P 5 + 


6 


220.43 


SF 6 


P 5 + 


6 


220.43 


WF6 


P 5 + 


6 


220.43 


UF 6 


P 5-f 


6 


220.43 


CF 3 


Be 3 + 


4 


217.71 


CCI 3 


P 5 + 


6 


220.43 


CCI 3 


P 5 + 


6 


220.43 


SiF 3 


Be 3 + 


4 


217.71 


NH 2 


P 5 + 


6 


220.43 


NH2 


Be 3 + 


4 


217.71 


PH? 


P 5 + 


6 


220.43 


PH2 



2.17 


27.14 


2.17 


28.48 


2.64 


28.07 


2.64 


28.18 


2.64 


CO. V\J 


2.64 


28.42 


2.64 


27.86 


2.64 


27.19 


2.64 


26.96 


2.64 


27.54 


2.64 


28.32 


2.64 


28.01 



16 (resonance shrinkage 
= 16, the resonance 

Energy 
Hole 
(eV) 

217.78 
216.52 
217.26 
219.98 
216.28 
219.00 
21 7.69 
217.52 
218 58 
216.49 
219.21 
217.08 
216.59 
219.31 
216.1 1 
218.83 



n nth Ion- 
ization 
Energy 
(eV) 

- 1 2.65 

- 1 3.91 

- 1 0.45 
■ 1 0.45 

1 1.43 
1 1.43 
1 2 74 
1 2.91 
1 1.85 
1 1.22 
1 1.22 
1 3.35 
1 1.12 
1 1.12 
1. 1.60 
1 1.60 
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p 


5 + 


6 


220.43 


CH 


1 1.83 


218.60 


p 


5 + 


6 


220.43 


SH 


1 2.19 


218.24 


p 


5 + 


6 


. 220.43 


CN 


1 3.17 


217.26 


p 


5 + 


6 


220.43 


SCN 


1 2.17 


218.26 


p 


5 + 


6 


220.43 


SeCN 


1 2.64 


217.79 



Cations and molecular anions with n = 54 (resonance shrinkage 
energy is given by j 27.21 with n = 54. the resonance shrinkage 
energy is 734.67) 



26. 



Atom 


n 


nth Ion- 


Atom 


n nth Ion 


Enernv 


Oxidiz- 




ization 


Reduced 


ization 


Hole 


ed 




Energy 
(eV) 




Enemy 
(eV) 

\ f 




O 6 + 


7 


739.32 


BF 3 


- 1 2.65 


736.66 


O 6 + 


7 


739.32 


NO2 


- 1 3.91 


735.41 


O 6 + 


7 


739.32 


0 2 


- 1 0.45 


738.86 


O 6 + 


7 


739.32 


SF 6 


- 1 1.43 


737.89 


O 6 + 


7 


739.32 


WF 6 


- 1 2.74 


736.58 


O 6 + 


7 


739.32 


UF 6 


- 1 2.91 


736.4 1 


O 6 + 


7 


739.32 


CF 3 


- 1 1.85 


737.47 


O 6 + 


7 


739.32 


CCI 3 


-1 1.22 


738.10 


O 6 + 


7 


739.32 


SiF 3 


- 1 3.35 


735.97 


0 6 + 


7 


739.32 


NH2 


-1 1.12 


738.20 


O 6 + 


7 


739.32 


PH2 


- 1 1.60 


737.72 


O 64 


7 


739.32 


CH 


- 1 1.83 


737.48 


O 6 + 


7 


739.32 


SH 


- 1 2.19 


737.13 


O 6 + 


7 


739.32 


CN 


1 3.17 


736.15 


O 64 


7 


739.32 


SCN 


1 2.17 


737.15 


O 6 + 


7 


739.32 


SeCN 


1 2.64 


736.67 


The apparatus of claim 19. 


wherein said 


energy hole 


is provided by 



Atom 
Oxidized 
8 3 

Cd 3 



(eV) 



37.48 



37.48 



Atom(s) 
Reduced 

Li 1 

Na 1 

Na 1 



(eV) 

5.39? 
5.139 
5.139 



Energy Hole 
(eV) 
27.40 

27.20 
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Na 1 5.139 

27. The apparatus of claim 17, further including: 
external energy apparatus; 

means for providing a transfer of energy between said juxtaposed 
first and second elements of matter and said substance, and said external 
energy apparatus for controlling the rate of said fusion according to the 
relative equivalence of said energy hole and resonance shrinkage energy 
transferred to said first and second elements of matter. 

28. The apparatus of claim 27, wherein said means for providing a 
transfer of energy comprises means for applying one of an electric, a 
magnetic field, transfer of heat and acoustic energy to said selected 
volume. 

29. The apparatus of claim 17, further comprising: 

means for receiving said release of energy from said volume; and 
means for transferring the received released energy to external load 
apparatus for dissipation and production of work. 

30. The apparatus of claim 29, wherein: 

said means for receiving comprises heat exchanger means for 
providing a flow of heat in a selected medium; and 

said means for transferring comprises turbine means lor receiving 
said heal flow and providing one of electrical and mechanical power 
therefrom. 

31. A method of determining the energy levels of the electron orbitals 
of an element of matter, comprising the steps of: 

determining the centripetal force of each electron orbital; 
determining the gradient of said electrostatic potential of said 
element of matter; 

determining the radius of each electron orbital shell according to 
the centripetal force and the gradient of said electrostatic potential; and 

determine the energy level according to the radius of said electron 
orbital. 

32. The method of claim 31. further providing ihe step of providing 
refativistic corrections of the determined energy. 

33. The method of claim 31, where the steps of determining the gradient 
comprises: 
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e2 



and the step of determining the energy level according to the radius 
rises- ^ 



comprises. 

. mv2 
'centripetal = 

34. 



The method of claim 31. further including the steps of- 
determining the gradient of the angular momentum of each said 
electron; 

to JTS™?, ? 6 fadiUS ° f 6aCh Mi " S e,eC,f0n ° rbHal She " wording 
to the centripetal force, gradient of said electrostatic potential and the 
10 gradient of said angular momentum; 

determining the electrostatic energy of each electron orbital 
according to the radius of each Mills electron orbital shell 

to thptT"? ma9ne,iC °' 6aCh e ' eC,r0n orb " al hording 

to the radius of each electron orbital shell and 

15 adding the electrostatic and magnetic energy to provide said 

electron orbital energy level. 

»latJ£ me,h ° d ° f C ' aim 34 ' ,Uf,her inC ' Udin9 ' he Step ° f P f0vidi "9 
relativist* correction of the determined energy 

36 A method of determining the internuclear distance of a chemical 
20 bond, comprising the steps of cnemicai 

««™17Z\:: S ~ ,n nuc,ea ' repu,s " e •« -~ 

25 detaining the drslance 2y at which point the change in 

etectrostatic energy and noctca, reputsive energy are substantia,^ equal 
to p,ov,de the inte-nuclea, distance ol a chemical bond. whe.ern 

the tola, energy stoted in the ,esu.,,ng electric held is a minimum 

30 hole o^lr = 6 P '° dUC "°" °' C0U ' 0mb ' C Z""™*™ '-ion. an energy 
v>u nole of energy E. comprising Jy 

a first element of matter selected according to a corresponding 
ionization potential; and J 

at least one second element of matter selected accord.ng , 0 a 
corresponding ionization potential, wherein 
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the combination of the ionization potentials provides a nel positive 
ionization potential substantially equal to E. 

38. An apparatus of claim 22, wherein the source of an energy hole is a 
single cation, neutral atom, or anion or a single molecule which is a 
cation, neutral molecule or anion, or is a combination of said species 
wherein the said energy hole is substantially equivalent to n/2 27.21 eV 
where n = 2, 3 ; 4.... . 

39. A method of releasing energy, comprising the steps of: 

selecting a first element of matter having a nucleus and at least one 
electron orbital; 

selecting a second element of matter having a nucleus and at least 
one electron orbital; 

determining the resonance shrinkage energy levels of the electron 
orbitals of said first and second elements of matter; 

providing two energy holes substantially equal to each of the 
resonance shrinkage energy levels of said first and second elements of 
matter; 

juxtaposing said first and second elements of matter and said 
energy holes, wherein; 

a non-fusion release of energy is produced when the energy of said 
electron orbitals is removed by said energy holes. 

40. A composition of matter, comprising: 

a transition element, m. having a large population of electrons 
receptive of energy from one of an electric and magnetic field to urge 
formation of Cooper electron pairs; and 

a plurality of materials, A, B, C, and D having strong bond energies 
and a lattice of two of less dimensions, wherein A, B, C, and D each are of 
different atoms, different oxidation states ot the same atom, and 
different oxidation states of different atoms, in a cell arrangement, 

D — ftl- B, having superconductor properties. 
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Hydrogen Power, Plasma, andggrtorforL^ng, andj^ej^rggreron 
LJ^QDUCTION 

1- Field ofthe Invention 

5 This invention relates to a power source and a laser based on the power source wherein 

the power may also be converted to electricity with a power converter ofthe present invention. 
The power source comprises a cell for the calalysis of atomic hydrogen to form novel hydrogen 
species and/or compositions of matter comprising new forms of hydrogen. The reaction may 
be maintained by a microwave or glow discharge plasma of hydrogen and a source of catalyst. 
10 The power from the catalysis of hydrogen may create an inverted population of a species 
capable of lasing such as atomic hydrogen. The power may utilized as laser light or the light 
due to stimulated or spontaneous emission may be converted to electricity with a photon-to- 
electric converter such as a photovoltaic cell. In addition or alternatively, the .hernial power 
may used for healing or bedireclly converted into electricity since it fonns or contributes 
1 5 energy to the plasma. The plasma power may be converted to electricity by a 

magnetohydrodynamic power converter from a directional flow of ions formed using a 
magnetic minor based on the adiabatic invariant ^ = constant . Alternatively, the power 
converter comprises plasmadynamic converter comprising a magnetic field which pennits 
positive ions to be separated from electrons using at least one electrode to produce a voltage 
20 with respect to at least one counter electrode connected through a load. These and other 
methods and means to convert plasma into electricity are described in my prior published 
applications and articles , which are mcoiporated by reference in their entirety below. 

2. Background ofthe Invention 
25 2 .1 Hydrinos 

A hydrogen atom having a binding energy given by 

Binding Energy ="J^? (,) 

where p is an integer greater man 1 , preferably from 2 to 200, is disclosed in R. Mills, The 
Grand Unified Thecy of Classical Quantum Mechanics, January 2000 Edition, BlackLight 
30 Power, Inc.. Cranbury. New Jersey, Distributed by Amazon.com (» '00 Mills GUT"), provided 
by BlaclcLight Power, Inc., 493 Old Trenton Road. Craubury, NJ, 085 1 2; R. Mills, 77,e Grand 
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Unified Theory of Classical Quantum Mechanics, September 2001 Edition, BlackLight Power, 
Inc., Cranbury, New Jersey, Distributed by Amazon.com (" '01 Mills GUT"), provided by 
BlackLight Power, Inc., 493 Old Trenton Road, Cranbury, NJ, 08512 (posted at 
www.blaeklightpower.com; R. Mills, The Grand Unified Theory of Classical Quantum 
5 Mechanics, September 2002 Edition. BlackLight Power, Inc.. Cranbury, New Jersey, (" '02 
Mills GUT-X provided by BlackLight Power. Inc., 493 Old Trenton Road, Cranbury. NJ, 
08512 (posted at www.blackIightpower.com; R. Mills. P. R ay . R. M . Mayo> "Comparison of 
Ammonia-Plasma Sources of Stationary Inverted Balmcr and Lyman Populations for a CW HI 
Laser", J. Appl. Spectroscopy, in preparation; R. L. Mills, P. C. Ray, B. Dhandapani. R. M. 
10 Mayo, J. He, A. Echezuria, M. Nansteel, X Chen, "Excessive Balmer « Line Broadening of 
Glow Discharge and Microwave Hydrogen Plasmas. Excess Power, and a Novel Vibrational 
Series in the EUV Region Due to a Catalytic Reaction of Atomic Hydrogen", UHE, in 
preparahou; R. L. Malls, P. Ray, J. Dong, M. Nansteel, R. M. Mayo, B. Dlmdapanl, X. Chen. 
"Comparison of Balmer a Line Broadening and Power Balances of Helium-Hydrogen Plasma 
1 5 Sources". UHE. in preparation; R. Mills. P. Ray , M . Nansteel, R. M. Mayo. "Comparison of 
Water-Plasma Sources of Stationary Inverted Balmer and Lyman Populations for a CW HI 
Laser". J. Appl. Spectroscopy, in preparation; R. Mills, J. He, B. Dhandapani, P. Ray, 
"Comparison of Catalysts and Microwave Plasma Sources of Vibrational Spectral Emission of 
Fractional-Rydberg-State Hydrogen Molecular Ion", Canadian Journal of Physics, submitted; 
20 R. L. Mills, P. Ray, J. Dong. M. Nansteel, B. Dhandapani. J. He. "Vibrational Spectral 

Emission ofFractional-Principal-Quantum-rinergy-lxvel Molecular Hydrogen". Bulletin of 
.he Chemical Society of Japan, submitted; J. Phillips, R. L. Mills, X. Chen, "Water Bath 
Calorimetrie Study of Excess Heat in -Resonance Transfer- Plasmas", Journal of Applied ■ 
Physics, submitted; R. L. Mills, P. Ray. B. Dhandapani, X. Chen, "Comparison of Catalysts 
and Microwave Plasma Sources of Spectral Emission of Fractional-Principal-Quantum - 
Energy-Level Atomic and Molecular Hydrogen". Journal of Applied Spectroscopy, submitted; 
R- Mills, J. He, A. Echezuria, B Dhandapani, P. Ray, "Comparison of Catalysts and 
Microwave Plasma Sources of V.brational Spectral Emission of Fractional-Rydberg-State 
Hydrogen Molecular Ion", Vibrational Spectroscopy, submitted; R. L. Mills. P. Ray, B 
30 Dhandapani. J. He. "Novel Liquid-Nitrogen-Condcnsable Molecular Hydrogen Gas", 

Chemistry-A European Journal, submitted; R. L. Mills. P. C. Ray. R. M. Mayo. M. Nansteel. 
B. Dhandapani, J. Phillips, "Spectroscopic Study of Unique Line Broadening and Inversion in 
Low Pressure Microwave Generated Water Plasmas". Physics of Plasmas, submitted; R. L. 



25 



10 



WO (W0S6516 

PCJ7US02/JS872 

5 

Mills, P. Ray, B. Dhandapani, J. Ifc, "Spectroscopy Identification of Fractional Rydberg States 
of Atomic Hydrogen Formed by a Catalytic HehWHydrogen Plasma Reaction", Applied 
Spectroscopy: General, submitted; R. L. Mills, M. Nanstecl, P. C. Ray, "Bright Hydrogen- 
Light and Power Source due to a Resonant Energy Transfer with Strontium and Argon Ions", 
Vacuum, submitted; R. L Mills, P. Ray, B. Dhandapani, J. Dong, X. Chen, "Power Source ' 
Based on Helium-Plasma Catalysis of Atomic Hydrogen to Fractional Rydberg States", J. Mol. 
Struct, submitted; R. MiUs, J. He, A. Echezuria, B Dhandapani, P. Ray, "Comparison of 
Catalysts and Plasma Sources of Vibrational Spectral Emission of Fractional-Rydberg-State 
Hydrogen Molecular Ion", Vibrational Spectroscopy, submitted; R. Mills, J. Sankar, P. Ray, B. 
Dhandapani. J. He, "Spectroscopic Characterization of the Atomic Hydrogen Energies and ' 
Densities and Carton Species During Helium-Hydrogcn-Methane Plasma CVD Synthesis of 
Single Crystal Diamond Films", Chemistry of Materials, submitted; R. Mills, P. Ray, R, M. 
Mayo, "Stationary Inverted Balmer and Lyman Populations for a CW HT Water-Plasma Laser", 
IEEE Transactions on Plasma Science, submitted; R. L. Mills. P. Ray, B. Dhandapani, J. He, ' 
15 "New Energy States of Atomic Hydrogen Formed in a Catalytic Helium-Hydrogen Plasma", 
EEE Transactions on Plasma Science, submitted; R. L Mills. P. Ray. "Spectroscopic 
Evidence for a Water-Plasma User", Europhysics Letters, submitted; R. Mills, P. Ray, R. M. 
Mayo, "Spectroscopic Evidence for CW H I Easing in a Water-Plasma", J. of Applied Physics, 
submitted; R. L. Mills, B. Dhandapani, J. He, J. Sankar, "CVD Synthesis of Single Crystal 
20 Diamond Films on Silicon Substrates W.thout Seeding". J of Materials Chemistry, submitted; 
R- L. Mills, X. Chen, P. Ray, J. He. B. Dhandapani, "Plasma Power Source Based on a 
Catalytic Reaction of Atomic Hydrogen Measured by Water Bath Calorimetiy\ 
Thermochimica Acta, submitted; R. L. Mills, A. Voigt, B. Dhandapani, 1. He, "Synthesis and 
Spectroscopic Identification of Lithium Chloro Hydride", Materials Characterization, 
25 submitted; R. L. Mills. B. Dhandapani, J. He, "Highly Stable Amorphous Silicon Hydride", 
So!ar Energy Materials & Solar Cells, submitted; R. L. Mills. B. Dhandapani, J. He, L Sankar, 
"Synthesis of HDLC Films from Solid Carbon", Thin Solid Films, submitted; R. Mills, P. Ray, 
R- M. Mayo. "The Potential for a Hydrogen Water-Plasma Laser", Applied Physics Loiters, 
submitted; R. L. Mills, "Classical Quantum Mechanics", Proceedings A, submitted; R. Mills, 
30 P. Ray, "Spectra of the Bound-Free Hypcrfine Levels of a Novel Hydride Ion Formed from 
Incandescently Heated Hydrogen Gas with Certain Group I Catalysts", Journal of 
Photochemistry and Photobiology A, submitted; R. L. Mills. P. Ray, "Spectroscopic 
Clusterization of Stat.onary mverted Lyman Populations and Free-Free arid Bound-Free 
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Ray> " A Com P reh ^ivc Study of Spectra of the Bound-Free Hyperfine Levels of Novel 
Hydride Ion //-(! /2), Hydrogen, Nitrogen, and Air", [„,. J. Hydrogen Energy, in press; R. L. 
Mills, E. Dayalan, "Novel Alkali and Alkaline Earth Hydrides for High Voltage and High 
Energy Density Batteries", Proceedings of the 17* Annual Battery Conference on Applications 
5 ^Adva^ccs.CahfonriaStateUm^^ |-6; R. 

M. Mayo, R. Mills, M. Nansteel, "On the Potential of Direct and MHD Conversion of Power 
from a Novel Plasma Source to Electricity for Microdistributed Power Applications", IEEE 
Transactions on Plasma Science, in press; R. Mills, P. C. Ray, R M. Mayo, M. Nansteel, W. 
Good, P. Jansson, B. Dhandapani, J. He, "Stationary Inverted Lyman Populations and Free- 
10 Free and Bound-Free Emission of Lower-Energy State Hydride Ion Formed by an Exothermic 
Catalytic Reaction of Atomic Hydrogen and Certain Group I Catalysts", Physical Chemistry 
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increased as the net enthalpy of reaction is more closely matched to m - 27.2 eV. It has been 
found that catalysts having a net enthalpy of reaction within ±10%, preferably ±5%, of 
m ■ 27.2 eV are suitable for most applications. 

In another embodiment, the catalyst to form hydrinos has a net enthalpy of reaction of 

S about 

m 12-272 eV (2 b) 
where m is an integer greater that one. It is believed that the rate of catalysis is increased as 
the net enthalpy of reaction is more closely matched to m 12 • 27.2 eV. It has been found that 
catalysts having a net enthalpy of reaction within ±10%, preferably ±5%, of m 12 ■ 27.2 eV are 
10 suitable for most applications. 

A catalyst of the present invention may provide a net enthalpy of m ■ 27.2 e V where m 
is an integer or m 12 - 27.2 eV where m is an integer greater than one by undergoing a 
transition to a resonant excited state energy level with the energy transfer from hydrogen. For 
example, He* absorbs 40.8 eV during the transition from the n = 1 energy level to the n = 2 
1 5 energy level which corresponds to 3/2- 27.2 eV (m = 3 in Eq. (2b)). This energy is resonant 
with the difference in energy between the p = 2 and the p = 1 states of atomic hydrogen given 
by Eq. (1). Thus He may serve as a catalyst to cause the transition between these hydrogen 
states. 

A catalyst of the present invention may provide a net enthalpy of m ■ 27.2 eV where m 
20 is an integer or m 1 2 • 27.2 eV where m is an integer greater than one by becoming ionized 
during resonant energy transfer. For example, the third ionization energy of argon is 
40.74 eV; thus, Ar" absorbs 40.8 eV during the ionization to Ar" which corresponds to 
3/2-27.2 eV (m = 3 in Eq. (2b)). This energy is resonant with the difference in energy 
between the p = 2 and the p = 1 states of atomic hydrogen given by E q : (1). Thus Ar 7 * may 
25 serve as a catalyst to cause the transition between these hydrogen states. 

This catalysts releases energy from the hydrogen atom will, a commensurate decrease in 
size of the hydrogen atom, r, = na„. For example, the catalysis of H(n = 1) to //(« = 1/ 2) 

releases 40.8 eV, and the hydrogen radius decreases from a H to ~<V A catalytic system is 

provided by the ionization of / electrons from an atom each to a continuum energy level such 
30 that the sum of the ionization energies of the t electrons is approximately m X 27.2 eV where 
m is an integer. One such catalytic system involves potassium metal. The first, second, and 
third ionization energies of potassium are 4.34066 eV ,31.63 eV , 45.806 eV , respectively [D. 
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R. Lide, CRC Handbook of Chemistry and Physics, 78 th Edition, CRC Press, Boca Raton, 
Florida, (1997), p. 10-214 to 10-216]. Tne triple ionization (/ ^ 3) reaction of K to K>\ then, 
has a net enthalpy of reaction of 8 1 .7426 eV, which is equivalent to m = 3 in Uq. (2a). 

5 K u + 3e" + 8-1 .7426 eV (4 ) 

And, the overaiJ reaction is 

~ y 4(^)] +t(p+3) ' - y ^ 3 - 6 eK « 

Rubidium ion {Rb*) is also a catalyst because the second ionization energy of rubidium is 
27.28 eV. In this case, the catalysis reaction is 

10 27.28 eV + W + Rf , e , {^Hip+lf -„']*13.6 eV 

(6) 

Rb u +e -> Rb' +27.28 eV ^ 
And, the overall reaction is 

15 Strontium ion (&-' ) is also a catalyst since the second and third ionization energies of 
strontium arc 1 1.0301 3 eV and 42.89 eV , respectively. The ionization reaction of Sr ' to 
Sr'\ (t =2), then, has a net enthalpy of reaction of 53.92 eV , which is equivalent to m = 2 in 
Eq. (2a). 

20 53.92eK + ^ + ^]^^ + 2e - +/ ^j + ^ +2)J _ plKl36 ^ (9) 

Sr u + 2<T -> Sr* + 53.92 eK (iq) 
And, the overall reaction is 



25 



6^ (U) 



Helium ion (tfe* ) is also a catalyst because the second ionization energy of helium is 
54.417 eV . In this case, Lhe catalysis reaction is 
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(12) 

/fe 24 + e -> + 54.417 eV (13) 
5 And, the overall reaction is 

4^ t ]^4(^ tt 2)] +t(p+2} '~ p2,;n3 ' 6eK (M) 

Argon ion is a catalyst. The second ionization energy is 27.63 eV. 
27. 63 eV + Ar* + //j^ j -> xfr" + e + + 10» + 1)' - P* K» 3- 6 eF 

(15) 

10 ^r* + +e'->Ar* + 27.63 cK (16) 

And, the overall reaction is 

A neon ion and a proton can also provide a net enthalpy of a multiple of thai of the 

potential energy of the hydrogen atom. The second ionization energy of neon is 40.96 cV and 
i 

15 H* releases 13.6 eV when it is reduced to //. The combination of reactions of Ne to Ne 7 * 
and FT to H, then, has a net enthalpy of reaction of 27.36 eV, which is equivalent to m = 1 in 
Eq. (2a). 

27.36 eV + te f + tf* + /|™]^ // + ^ + + >{^J +[(/> + 0* cK<18) 

H+Ne 7 * + Ne* +27.36 eK (19) 
20 And, the overall reaction is 

4 4(^o] +C(p + 1)1 ~ />2) * n 6 * J/ (20) 

A neon ion can also provide a net enthalpy of a multiple of that of the potential energy 
of the hydrogen atom. Ne* has an excited state Ne* of 27.2 eV (46.5 nm) which provides a 
net enthalpy of reaction of 27.2 eV , which is equivalent to m = t in Gq. (2a). 

25 27.2 cV+ Ne* + flj^* j-> + 7 {^f^] + t(^+ -V)*13.6 (21) 

/W * -> M?' + 27.2 <?J' (22) 
And, the overall reaction is 
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^]" >/ {(^)] +[(/,+,)J - / ' IJA13 - 6 ' cK ^ 

The first neon cxci.ner continuum Me, * may also provide a net enthalpy of a multiple 
of that of the potential energy of the hydrogen atom. 'The first ionization energy of neon is 
21.56454 eV, and the first neon excimer continuum Ne, * has an excited state energy of 
5 15.92 eV. The combination of reactions of Ne, * to 2Mr* , then, has a net eulhaJpy of reaction 
of 27.21 eV, which is equivalent to m = 1 in Eq. (2a). 

27.21 e y + N^ 2Ne' * //[^j +[(p + ,)> Vjm6 eK (24) 

2Afe* Afej * 4-27.2 1 eV ^5) 
And, the overall reaction is 

Similarly for hdium, the helium excimer continuum to shorter wavelengths He, * may also 
provide a net enthalpy ofa multiple of that of the potential cnergyof the hydrogen atom. The 
first ionization energy of helium is 24.58741 eV, and the helium excimer continuum He, * has 
an excited state energy of 21.97 eV . The combination of reactions of lie, * to 2He\ then, has 
1 5 a net enthalpy of reaction of 27.2 1 eV , which is equivalent to m = 1 in Bq. (2a). 

27.2UF + ^* + ,j^]^ 2 ^. + ^^j +{{p+i)1 _ /m36c</ (2?) 

7 He* -> //e, * *27.2 1 e y ^ 
And, the overall reaction is 



(29) 



20 



Atomic hydrogen in sufficient concentration may serve as a catalyst since the ionization 
energy of hydrogen is 1 3.6 eV. Two atoms fulfill the catalyst critcrion-a chemical or 
physical process with an enthalpy change equal to an integer multiple of 27.2 eV since 
together they ionize at 27.2 eV. Thus, the transition cascade for the pth cycle of the hydrogen- 
type atom, fljSlt], wiUl two hyd ,. ogen atoms Ja^ j as ca(aiyst js rcprescntct{ fcy 
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3.6 eV (30) 
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a net enthalpy of reaction of 53.9 eV , which is equivalent to m = 2 in Eq. (2a). 
53.9 eV + O, + j-> 0+ O 1 * + "j^ 2 ^] H(p + 2) 2 eF 

(39) 

-> 02 + 53.9^ (40) 

5 And, the overall reaction is 

4^]"*4(7^] +[(/ "" 2)i " pj] ^ 3 - 6eF (4,) 

An oxygen molecule can also provide a net enthalpy of a multiple of that of the 
potential energy of the hydrogen atom by an alternative reaction. The bond energy of the 
oxygen molecule is 5. 165 eV, and the first tJirough the third ionization energies of an oxygen 
10 atom are 13.61806 eV y 35.1 1730 eV , and 54.9355 eV y respectively. The combination of 
reactions of 0 7 to 20 and O to 0"\ then, has a net enthalpy of reaction of 108.83 eV , which 
is equivalent to m = 4 in Eq. (2a). 

108.83 eV±0 7 ± /fjStt j 0 + 0 " + '{^^ J+ t(p + 4) 2 - p 2 )*13.6 

(42) 

15 O + O 3 * ~>0 2 -M 08.83 <?F (43) 

And, the overall reaction is 

An oxygen molecule can also provide a net enthalpy of a multiple of that of the 
potential energy of the hydrogen atom by an alternative reaction. The bond energy of the 
20 oxygen molecule is 5. 1 65 eV, and die first through the fifth ionization energies of an oxygen 
atom are 13.61806 eV , 35.11730 eV , 54.9355 eV , 77.41353 eV, and 1 13.899 
respectively. The combination of reactions of O x to 20 and O to 0 Sl , then, lias a net enthalpy 
of reaction of 300. 1 5 eV, which is equivalent to m - 1 1 in Eq. (2a). 

300. 1 5 eV + 0 2 + /|^| -> O + O 5 ' + 'j^^J + [(#>+! O 2 - P JAH 3.6 eK 

25 (45) 
O + O 5 * -»0, +300.15 <?P (46) 
And, the overall reaction is 

"frj _> 4(^To j +[(A "' 1 ,y - p2] ™ 6 eK (47) 
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2/T + 2e~ ->2/^j+27.21 eV (31) 



And, the overall reaction is 



5 A nitrogen molecule can also provide a net enthalpy of a multiple of that of the 

potential energy of the hydrogen atom. The bond energy of the nitrogen molecule is 9.75 eV, 
and the first and second ionization energies of the nitrogen atom are 14.53414 eV and 
29.6013 eV, respectively. The combination of reactions of N 2 to 2N and N to N u , then, has 
a net enthalpy of reaction of 53.9 eV y which is equivalent to m - 2 in Eq. (2a). 
10 53.9*K^ + /^^ (33) 

N+N 1 * + 53.9 eV (34) 
And, the overall reaction is 

^Mc^r 10 '^ -^- 6ey (35) 

A carbon molecule can also provide a net enthalpy of a multiple of that of (he potential 
1 5 energy of (he hydrogen atom. The bond energy of the carbon molecule is 6.29 e V, and the first 
and tlirough the sixth ionization energies of a carbon atom arc 1 1.2603 eV , 24.38332 eV , 
47.8878 cV , 64.4939 cV , and 392.087 eV \ respectively. The combination of reactions of C ; 
to 2C and C to C u , then, has a net enthalpy of reaction of 546.40232 eV, which is equivalent 
tom= 20 in l-q. (2a). 

20 546.4 eV,C, + fl[^j-»C + C" * ^^], ((p + 20) > _^ 3j6 eV 

(36) 

C + C^-^Q +546.4 eV ( 37 ) 
And, tlie overall reaction is 

4?j ~* 4o^)j +io? + 20)1 - /,,] ' a3 - 6 cK <*> 

25 An oxygen molecule can also provide a net enthalpy of a multiple of thai of the 

potential energy of the hydrogen atom. The bond energy of (he oxygen molecule is 5.165 cV, 

and the first and second ionization energies of an oxygen atom are 13.61806 eV and 

35.1 1730 eV, respectively. The combination of reactions of O, to 20 and O to (f\ then, has 
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In addition to nitrogen, carbon, and oxygen rnolccu.es which are exemplary catalysts 
other modules may be catalysts according to the present invention wherein the energy to ' 
break the molecular bond and the ionization of, electrons from an atom from the dissociated 
molecule to a continuum energy level is such that the sum of the ionization energies of the , 
5 electrons is approximate* m . 27.2 eV where , and . are each an integer. The bond energies 
and the romzahon energies may be found m standard sources such as D. R. Linde CRC 
Handbook of Chemistry and Physics, 79 th Edition, CRC Press, Boca Raton, Florida (1999) 
P. 9-5 1 to 9-69 and David R. Linde, CRC Handbook of Chemistry and Physics, 79 th Edition' 
CRC Press, Boca Raton, Florida, (1998-9), p. 10-175 top. 10-177, respectiveiy. Thus further 
10 ^^catarysts which P ro^ 

from a(om,c hydrogen may be determined by one skilled in the art 

Molecular hydrogen catalysts capable of providing a net enthalpy of reaction of 
approximately m X 27.2 eV where m is an integer to produce hydrino whereby the mo.ecul.ar 
bond is broken and t electrons are ionized from a corresponding free atom of the molecule are 
« 5 g, ven infra. The bonds of dre mo.ecules given in tire first column axe broken and the atom also 
g-ven m-the first column is ionized to provide the net enthalpy of reaction of mX212 eV 
given in the eleventh column where m is given in the twelfth column. The energy of the bond 
w.nch ,s broken given by Linde fD. R. Lide, CRC Handbook of Chemistry and Phys.cs 79 m 
Ecbt.on, CRC Press, Boca Raton, Florida, (1999), p. 9-5 . to 9-69) which is herein incorporated 
20 by reference is given in the 2nd column, and the electrons which arc ionized are given with the 
■omzation potential (also cal.ed ionization energy or binding energy). The ionization potcn.ia. 
of the n th electron of the atom or ,on is designated by //>„ and is given by Linde |D. R. Lide, 
CRC Handbook of Chemistry and Phys.es, 79 th Edition, CRC Press, Boca Raton, Florida 
(!998-9),p. .0-175 top. 10-177) which is herein incorporated by reference. For example the 
25 bond energy of the oxygen molecule, Z* = 5.165 eV , is given in the 2nd column, and the first 
.on.za.ion potential, ,/> = ,3.6 1 806 eV , and the second ionization potential, 
U\ = 35.1 1730 eV> are given in the th.rd and fourth columns, respectively. The co.nbinat.on 
ofrcac.ionsofO, to 20 and O to O" , then, has and enthalpyof reaction of 53 9 eV as 
given in me eleventh cohnnn, and ,„ . 2 in B,. ( 2a) as given in the twelfth column 
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TABLE 1 . Molecular Hydrogen Catalysis 



Catalyst 


8E 


IP1 


IP2 


1P3 


IP4 


IPS 


IP6 IP7 


1P8 Enthalpy 
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C 2 /C 


6.26 


11.26 


24.38 


47.86 


64.49 392.0 
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9.75 
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13.61 
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0 2 iO 
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O x iO 


5.165 


13.61 
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C0 7 iO 
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C0 2 lO 


5.52 
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54.93 
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NOjO 


3.16 


13.61 


35.11 


54.93 


77.41 


113.8 




298.14 
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55 
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NO } fO 


2.16 


13.61 


35.11 


54.93 


77.41 


113.8 


138.1 


435.26 
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In an embodiment, a molecular catalyst sucli as nitrogen is combined with another 
5 catalyst such as He (Eqs. (12-14)) or Ar* (Eqs. (15-17)). In an embodiment of a catalyst 
combination of argon and nitrogen, the percentage of nitrogen is within the range 1-10%. Jn an 
embodiment of a catalyst combination of argon and nitrogen, the source of hydrogen atoms is a. 
hydrogen haiide such as HF. 

The energy given off during catalysis is much greater than the energy lost to the 
10 catalyst. The energy released is large as compared to conventionaJ chemical reactions. For 
example, when hydrogen and oxygen gases undergo combustion to form water 

",(g) + lo 2 (g)->H 2 0(l) (48) 

the known enthalpy of formation of water is AH / » -286 kj I mole or 1.48 eV per hydrogen 
atom. By contrast, each (h = 1 ) ordinary hydrogen atom undergoing catalysis releases a net of 

15 40.S cV . Moreover, further catalytic transitions may occur: n = — ->-, - -> - ~, and 

2 3 3 4* 4 5 

so on. Once catalysis begins, hydrinos autocatalyzc further in a process called 
disproport io nario p. This mechanism is similar to mat of an inorganic ion catalysis. But, 
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hydnno catalysis should have a higher reaction rate lhan that of the inorganic ion catalyst due 
to the better match of the enthalpy to m ■ 27.2 eV. 

2j. Khydrino Molecular Ion. D ihydriiio Molecule, m d H ydrino Hydride Ion 
The dieory of lower-energy hydrogen molecular ions, molecules, and hydride ions are 
given in Mills '02 GUT in Chps. 12 and 7 which are incorporated by reference. H(Up)may 
react with a proton to form a molecular ion H^l/p)' that has a bond energy and vibrational 
levels that are p 3 times thoseof the molecular ion comprising uncaused atomic hydrogen 
where p is an integer. E T , the total energy of the hydrogen molecular //;(l//>)\ is 
£ r =13.6eF(-4p J ln3V +2/ ln3) = -^16.28 eV (49) 
The bond dissociation energy, E„ , is the difference between the total energy of the 
corresponding hydrogen atom or hydrino atom and E T . 

Z„ = ^4^} " Et = ' 3 6 + P 162B eV = P 2 6 * eV (50) 
H 2 (l/ P y has been observed speclroscopically fR. Mills. P. Ray, "Vibrational Spectral 
15 Emission of Fractional-Principal-Quantum-Energy-Uvel Hydrogen Molecular Ion", Int. J. 
Hydrogen Energy, Vol. 27, No. 5, (2002). pp. 533-564; R. Mills, J. He, A. Bchezuria, B 
Dhandapani, 1>. Ray, "Comparison of Catalysts and Plasma Sources of Vibrational Spectral 
Emission of Fraciional-Rydberg-State Hydrogen Molecular Ion", Vibrational Spectroscopy, 
submitted]. For example, the catalysis reaction product //(l /4) was predicted to Anther react 
20 to fonn a new molecular ion // 2 (l/4)* with Remission ofa vibrational scries from its 

transition state. The emission including both Stokes and ant.Stokes-likc branches is given by 
the previously derived fonnula (R. Mills, /. He, A. Echczuria, B Dhandapam, P. Ray, 
"Comparison of Catalysts and Plasma Sources of Vibrational Spectral Emission of Fractional- 
Rydbcrg-State Hydrogen Molecular Ion", Vibrational Spectroscopy, submitted): 
25 Eo,« = ±"*2 2 £ A<e( ^ 01 o* - 0,1.2,3... (5 l) 

In Eq. (51), E Dlf . and E^^^^ are the experimental bond and vibrational energies of 
//;, respectively. Extreme ultraviolet (EUV) spectroscopy was recorded on microwave 
discharges of helium with 10% hydrogen in the range 10-65 am. The predicted emission (Eq. 
(5 1)) was observed at the longer wavelengths for u* = 0 to v* = 20 and at the shorter 
30 wavelengths for v*~0 to o*= 3. A peak at 28.93 nm matched the predicted bond energy of 
the molecular ion, 42.88 eV. 
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The diatomic molecule H 2 (l / p) may form by reaction of the corresponding fractional 
Rydberg state atoms 

2H(Up)->HAUp) (52) 
where each energy level corresponds to a fractional quantum number that is the reciprocal of an 
5 integer p . The central field of fractional Rydberg state (l / p) is p times that of ordinary 
H t , the corresponding total, bond, and vibrational energies are p 2 those of , and the 
intcrnuclear distance is 
-/la 

2<' = — (53) 
P 

E T> the total energy of the molecule p), is 

10 E r = - 1 3.6 eV^lp* V2 -p 2 V2 + ^] In^j - p* V2 j = V 3 1 .63 (54) 

where -3 1.63 eV is the total energy of H 2 . Tl\c experimental bond energy of the hydrogen 
molecule [P. W. Atkins, Physical Chemist^ Second Edition, W. H. Freeman, San Francisco, 
(1982), p. 589] is 

E D ~ 4.4783 eV (55) 
1 5 The theoretical bond energies of hydrogen rype-type molecules (l / are 

E 0 = p * 4.4783 eV (56) 
Dihydrino gas has been cryogcnicaHy isolated [. L. Mills, P. Ray, B. Dhandapani, J He, 
"Novel Liquid-Nitrogen-Condensable Molecular Hydrogen Gas", Chemistry—A Huropean 
Journal, submitted which is herein incorporated by reference in its entirety]. Extreme 
20 ultraviolet (EITV) spectroscopy was recorded on microwave discharges of helium with 2% 
hydrogen. Novel emission lines were observed with energies of q • 13.6 eV where 
q ~ 1,2,3,4,6,7,8,9,1 1 or these discrete energies less 2 1.2 eV corresponding to inelastic 
scattering of these photons by helium atoms due to excitation of He (Is 2 ) to He (Ls'2 p l ). 
These lines matched tf(\/p\ fractional Rydberg states of atomic hydrogen, formed by a 
25 resonant nonradiative energy transfer to He* . Corresponding emission due to tlie reaction 
2/10/2)-* //,(!/2) with vibronie coupling at E D ^ ~p 2 E Dffj ±(y)^^ c0 _ 0> 

u*=l,2,3... was observed at the longer wavelengths for u*=2 to t> + =32 and at the shorter 
wavelengtlis for v* = i to o* « 16 where E D Vj and ^ Wi(w=0 ., us|) are the experimental bond 
and vibrational energies of H 2 , respectively. Fraction -principal -quantum -level molecular 
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hydrogen //, (l / p ) gas was isolated fay liouefacnon using an u.trahigb-vacuun, liquid nitrogca 
cryotmp and was characterized by gas chromatography (GC), m ass spectroscopy (MS), optical 
emi SSi on spectroscopy (OES), and >H NMR of the condensable gas dissolved in CDC/, . The 
condensable gas was highly pure hydrogen by GC and MS and bad a higher ionization energy 
than H,. I^onto the Balmcr se^ 

OES that sifted with deuterium substitution. An upfield shifted NMR peak was observed a, 
3.25 ppm compared to that of H z at 4.63 ppm. 

The bydrino hydride ion of the present invention can be formed by the reaction of an 
electron source with a bydrino, that is, a hydrogen atom having a binding energy of about 
—j- . where n = - and p is an integer greater than 1. The hydrino hydride ion is 
represented by ir(n = 1 / p ) or /r(l / p) : 

l{^]+e ->«-(»= HP) (57a) 

i{^\e->ini, P ) (57b) 

The hydrino hydride ion is distinguished from an ordinary hydride ion comprising an 

15 ord.nary hydrogen nucleus and two electrons having a binding energy of about 0.8 eV Thc 

iatter is hereafter referred to as "ordinary hydride ion" or "norma! hydride ion" The hydrino 

hydride ion comprises a hydrogen nucleus mcluding proteum, deuterium, or tntium, and two 

indistinguishable electrons at a binding energy according to Eq. (58). 

The binding energy of a novel hydrino hydride ion can be represented by the following 
20 formula: ■ . 



( 



Binding Energy = + D . _ Kj^ti ' J 

L p J 



1 



«« + /i+V^oTl (58) 



where p is an integer greater than one, J = 1/2, x is pi, h is Planck's constant bar, p. is the 
permeabilhy of vacuum, «, is the mass of the electron, p t is the reduced electron mass given 

yll '~J$-i, n WhCIC " U,e maSS 0f ,hc P rolon ' a » is «* «dius of the hydrogen atom 

,7 ' 

25 ^is.heBobrradius.a.vJcisthcelementarycharge. The radii are g,ven by 
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The binding energies of the hydrino hydride ion, H (n = I / /?) as a function of p , 
where p is an integer, are shown in TABLE 2. 
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TABLE 2. The representative binding energy of the hydrino hydride ion H (n = ! I p) 
function of p>Eq. (58). 



as a 



Hydride Ion 



//~(" = l) 
//"(« = 1/2) 
Ii~(n^l/3) 
10 /T(/, = l/4) 

ir(n=)/S) 

/r(»-i/e) 

//"(« = 1/7) 

/r(/z-i/8) 
is /r(n»i/9) 
/r(*-i/io) 
/r(« = i/u) 

//"(« = 1/12) 

/r(w = i/i3) 

20 /r(/i = |/14) 

/r0i = i/i5) 

/T(/i = l/16) 
/T(/i = l/17) 
ir(n = \/[S) 
25 ir(n = [/\9) 

/r(« = i/20) 

//'(» =1/21) 

/r(/i = i/22) 
/r(^-i/23) 

30 //"(/I -1/24) 

a Equation (59) 
b Equation (58) 



Binding Wavelength 
(tf,) a Energy (gV)^ (nm) 



1.8660 

0.9330 

0.6220 

0.4665 

0.3732 

0.3110 

0.2666 

0.2333 

0.2073 

0.1866 

0.1696 

0.1555 

0.1435 

0.1333 

0.1244 

0.1166 

0.1098 

0.103/ 

0.0982 

0.0933 

0.0889 

0.0848 

0.0811 

0.0778 



0.7542 
3.047 
6.610 
11.23 
16.70 
22.81 
29.34 
36.09 
42.84 
49.38 
55.50 
60.98 
65.63 
69.22 
71.55 
72.40 
71.56 
68.83 
63.98 
56.81 
47.11 
34.66 
19.26 
0.6945 



1644 

406.9 
187.6 
110.4 
74.23 
54,35 
42.25 
34.46 
28.94 
25.11 
22.34 
20.33 
18.89 
17.91 
17.33 
17.12 
17.33 
18.01 
19.38 
21.82 
26.32 
35.76 
64.36 
1785 
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The cstence of novel alkaline and alkaline earth hydride and ha.ido-hydrides were 
also previously identified by large distinct upheld '// NMR resonances compaxed to the NMR 
peaks of the corresponding ordinary hydrides (R. Mills, B. Dhandapani, M. Nanstee, J He T 
5 Shannon, A. Eche.uria, "Synthesis and Characterisation of Novel Hydride Compounds" In, , 
of Hydrogen Energy, Vol. 26,No. 4, (2001), pp. 339-367; R. Mi Us , B. Dhandapani N ' 
Greenig, J. He, "Synthesis and Charactenzation of Potassium ,odo Hydride" Int J of 
Hydrogen Energy, Vol. 25, Issue 12. December, (2000), pp. ,,85-1203; R Mills B 
Dhandapani. M. Nanstcel, J. He, A. Voigt, "Idenufication of Compounds Containing Novel 
10 Hydride Io„ s by Nuctear Magnetic Rcsona.ce Spectroscopy", Im. J. Hydrogen Energy Vol 
26, No. 9, (200,), pp. 965-979.J. Usbg a nuinbcr rf ^ ^ ^ ^ 

^e-of-flight-secondary-mass-spectroscopy (ToF-SIMS) as well as NMR, the hydrogen 
conten, was assigned to // (, ,„). novel high-binding-energy hydride ions in stab.e fractiona. 
pnnc.pal quantum sta{cs [R . Mills, B. Dhandapani, M. Nans.ec.. J. He, T. Shannon A 
1 5 Behesuria, "Synthesis and Characterization of Novel Hydride Compounds", Int. J. of Hydrogen 
Onergy. Vol. 26, No. 4, (2001), pp. 339-367; R. Mills. B. Dhandapani, N. Greenig J He 
'Sy,uhes,s and Q^cterization of Potassium lodo Hydride", InL J. of Hydrogen Energy' Vo. 
25, Issue 12, December, (2000), pp. , ,85-1203: R. L Mills, B. Dhandapani. I. He "Highly 
Stable Amorphous Silicon Hydride", Solar Energy Materials & Solar Cells, submitted] The 
20 syntheses reactions typically involve metal ion catalyst, For example, «6< to Rb u and 2K> 
<o K 1 1» each provide a reaction with a net enthalpy equal ,o the potential energy of atomic 
hydrogen. It was reported previously fR. L. Mills, P. R ay , "A Comprehensive Study of Spectra 
of the Bound-Free Hyperfine Uve.s of Novel Hydnde ,on /T(l/2), Hydrogen, Nitrogen and 
An-", int. i. Hydrogen Energy, in press) that the presence of these gase ous ions with thermally 
d,ssocia,ed hydrogen fotmcd a hydrogen plasma with hydrogen atom energies of 17 and ,2 eV 
respecvely, compared to 3 eV for a hydrogen microwave plasma. The energetic ca.alyric 
reacttonmvolves a resonance energy transfer between hydrogen atoms and R b > „ r 2fT to 
form a very stable novel hydride ion //"(, ,2). , b pre dic,ed bh.du.g energy of 3.0468 eV was 
observed by high resolution visible spectroscopy as a continuum threshold a, 406.82 nm, and a 
structured, strong emission peak was observed at 407, nm corresponding to the fine stmcture 
and hyperfme structure of ff« l2 ) . From the electron g facto, bound-free hyperfine structure 
hnes of H-(l 12) were predicted with energ.es E llt given by 

W3.002!3X,0-' + 3.0563 ^ (> is an integer) as an inverse Rydberg,ype series from 
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3.0563 eV to 3.1012 eV~-4he hydride binding energy peak with the fiue structure plus one and 
five times the spin-pairing energy, respectively. The high resolution visible plasma emission 
spectra in the region of 399.5 to 406.0 nm matched the predicted emission tines for j = 1 to 
j = 39 with the series edge at 399.63 nm up to 1 part in 10 s . 

5 

2.3 Hydrogen Plasma 

Developed sources that provide suitable intensity hydrogen plasmas are high voltage 
discharges, synchrotron devices, inductively coupled plasma generators, and magnetically 
confined plasmas. In contrast to the high electric fields, power densities, and temperatures of 

10 prior sources, an intense hydrogen plasma is generated at low gas temperatures (e.g. * 10 3 K ) 
with a very low field (1 V/cm) from atomic hydrogen and certain atomized elements or certain 
gaseous ions which singty or multiply ionize at integer multiples of the potential energy of 
atomic hydrogen, m • 27.2 eV [R. Mills, J. Dong, Y. Lu, "Observation of Extreme Ultraviolet 
Hydrogen Emission from Incandescent ly Heated Hydrogen Gas with Certain Catalysts", Int. J. 

1 5 Hydrogen Energy, Vol. 25, (2000), pp. 9 1 9-943 which is incorporated by reference]. The so- 
called resonant transfer or rt-plasma of one embodiment of the present invention forms by a 
resonant energy transfer mechanism involving the species providing a net enthalpy of a 
multiple of 27.2 eV and atomic hydrogen. 

20 2.4 Blue t o Infrared Laser 

Inverted Lyman and Balmcr populations may permit a continuous wave (cw) laser at 
blue wavelengths. For the last four decades, scientists from academia and industry have been 
searching for lasers using hydrogen plasma. However, the generation of population inversion 
is very difficult. Recombimng expanding plasma jets formed by methods such as arcs or 

25 pulsed discharges is considered one of the most promising methods of realizing an H I laser. 
The continuous generation of a hydrogen inverted population in a stationary steady state 
plasma has not been achieved. The present invention teaches such an inverted population in 
water vapor, ammonia vapor, and rt-plasmas as the basis of a laser capable of providing laser 
wavelengths over a broad range from blue to infrared. 
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2j» Pho ton Power to Electricity Conversion 

Electricity can be generated from visible and near infrared light using photovoltaic 
cells. The efficiency can be increased signiGcantly when the band gap of the material matches 
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the wavelength, and the efficiency also increases with power to very high power levels 
(> 500 W- cm-). Photocells of the power converter of the present invention .hat respond ,o 
ultraviolet and extreme ultraviolet light comprise radiation hardened conventional cells. Due 
to the higher energy of the photons potentially higher efficiency is achievable compared to 
those that convert lower enexgy photons. The hardening may be achieved by a protective 
coating such as a atomic layer of platinum or other noble metal. 



II. SUMMARY OF TTTQ INVENTION 
An object of the present invention is to generate power and novel hydrogen species and 
10 compositions of matter comprising new forms of hydrogen via the catalysis of atomic 
hydrogen. 

Another object of the present invention is to genera.e a plasma and a source of light 
such as high energy light, extreme ultraviolet light and ultraviolet light, and energetic particles 
such as fast hydrogen atoms (fast H) via the catalysis of atomic hydrogen. 
15 Another object of the present invention is to create an inverted population of an energy 

level of a species such as an atom, molecule, or ion capable of lasing. The inverted population 
forms due to catalysis of atomic hydrogen to lower-energy states. The present invention 
further comprises a laser wherein the catalysis cell serves as the laser cavity, and an inverted 
population is formed due to catalysis. 
20 Another object of the present invention is to cause the energy of the catalysis reaction 

to be emitted as high intensity light as well as hea, ,by forming excited electronic populations 
such as atomic hydrogen exited populations using a species which transfers or converts energy 
from the catalysis reaction to form the excited state populations. In one embodiment, the 
excited state population comprises an inverted population. 

Another object of the present invention is to convert photon power to electrical power. 

A^aJysjs^fHyd^^ 
Comprising New Fo n ns of Hydrogen 

The above object and other objectives are achieved by the present invention comprising 
a power source and hydrogen reactor. The power source and reactor comprises a cell for the 
catalysis of atomic hydrogen to form novel hjdrogen species and compositions of matter 
comprising new forms of hydrogen. The novel hydrogen compositions of .natter comprise- 
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(a) a. least one neutral, positive, creative hydrogen species (hereinafter "increased 
binduig energy hydrogen species") having a binding energy 



species, or 



(0 greater than the bindrng energy of H)e corrcspotldillg ordinajy hydrogea 
5 00 greater than the binding energy of any hydrogen species for which the 

temperature and pressure, STP), or is negative; and 

(b) at least one other eiement. ThecomrvmnH^rrt. • 
, 0 tna .,- Jt . lne ^Pounds of the .nvenhon are hereinafter referred 

10 to as increased binding energy hydrogen compounds". 

e orgy hydrogen species. Thus, ^ other .ernen, car, be an ordin^hydrpgen specif or. 
b^ngenergyhydrogenspeciesareneutral. In another group of compounds, the other 

Also prov.ded are novel compounds and molecular ,ous comprising 
(a) a, least one neutra,, positive, or negative hydrogen species (hereinafter "increased 
binding energy hydrogen species") having a total energy 

(9 neater than the to.ai energy of the corresponding ordinary hydrogen species, 

(ii). greater than the tota! energy of any hydrogen spec.es for which the 
co.es P ondin e or^^ 

negative; and 

(b) at least one other clement. 

also referred lo as an "increased binding energy hydrogen species- even ihough some 
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embodiments of the hydrogen species having an increased total energy may have a first 
electron binding energy less that the first electron binding energy of the corresponding ordinary 
hydrogen species. For example, the hydride ion of Eq. (58) for p = 24 has a first binding 
energy that is less than the first binding energy of ordinary hydride ion, while the total energy 
5 of the hydride ion of Eq. (58) for p = 24 ,s much greater than the total energy of the 
corresponding ordinary hydride ion. 

Also provided are novel compounds and molecular ions comprising 
(a) a plurality of neutral, positive, or negative hydrogen species (hereinafter "increased 
binding energy hydrogen species") having a binding energy 

10 © S» eatet Uian thc binding energy of the corresponding ordinary hydrogen 

species, or 

(n) greater than thc biuding energy of any hydrogen species for which the 
corresponding ordinary hydrogen species is unstable or is not observed because the ordinary 
hydrogen species' binding energy is less than thermal energies at ambient conditions or is 
15 negative; and 

(b) optionally one other element. Hie compounds of the invention are hereinafter 
referred to as "increased binding energy hydrogen compounds". 

The increased binding energy hydrogen species can be formed by reacting one or more 
hydrino atoms with one or more of an electron, hydrino atom, a compound containing at least 
one of said increased binding energy hydrogen species, and at least one other atom, molecule, 
or ion other than an increased binding energy hydrogen species. 

Also provided are novel compounds and molecular ions comprising 
(a) a plurality of neutral, positive, or negative hydrogen species (hereinafter "increased 
binding energy hydrogen species") having a total energy 

(i) greater than thc total energy of ordinary molecular hydrogen, or 
(it) greater than the total energy of any hydrogen species for which the 
corresponding ordinary hydrogen species is unstable or is not observed because the ordina, y 
hydrogen species' total energy is less than thermal energies at ambient conditions or is 
negative; and 

(b) optionally one other element. The compounds of the invention an; hereinafter 
referred to as "increased binding energy hydrogen compounds". 

The total energy of the increased total energy hydrogen species is the sum of the energies to 
remove all of the electrons from the increased total energy hydrogen species. The total energy 
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of the ordinary hydrogen species is the sum of the energies to remove all of the electrons from 
the ordinary hydrogen species. The increased total energy hydrogen species is referred to as an 
increased binding energy hydrogen species, even though some of the increased binding energy 
hydrogen species may have a first electron binding energy less than the first electron binding 
5 energy of ordinary molecular hydrogen. However, the total energy of the increased binding 
energy hydrogen species is much greater than the total energy of ordinary molecular hydrogen. 

In one embodiment of the invention, the increased binding energy hydrogen species can 
be H n , and HT a where n is a positive integer, or H* where n is a positive integer greater than 
one. Preferably, the increased binding energy hydrogen species is ff a and //; where n is an 
10 integer from one to about \X\0\ more preferably one to about \X\0\ even more preferably 
one to about ? X 1 0 2 , and most preferably one to about 1 0, and where n is an integer from 
two to about 1 X t0 6 , more preferably two to about i X 10\ even more preferably two to about 
1 X 10 2 , and most preferably two to about 10. A specific example of H~ is £Q . 

In an embodiment of the invention, the increased binding energy hydrogen species can 
15 be where n and m are positive integers and where n and m are positive integers with 
m<n. Preferably, the increased binding energy hydrogen species is where n is an integer 
from one to about iX\ 0\ more preferably one to about \X\0 4 t even more preferably one to 
about 1 X 10 2 , and most preferably one to about 10 and in is an integer from one to 100, one to 
ten, and H'* where n is an integer from two to about I X I0 6 , more preferably two to about 
20 \X\0\ even more preferably two to about 1 XI 0 2 , and most preferably two to about 10 and 
m is one to about 1 00, preferably one to ten. 

According to a preferred embodiment of die invention, a compound is provided, 
composing at least one increased binding energy hydrogen species selected from the group 
consisting of (a) hydride ion having a binding energy according to Eq. (58) that is greater than 
25 the binding of ordinary hydride ion (about 0.8 eV) for p - 2 up to 23, and less for p = 24 

('•increased binding energy hydride ion" or "hydrino hydride ion"); (b) hydrogen atom having a 
binding energy greater than the binding energy of ordinary hydrogen atom (about 13,6 cV) 
("increased binding energy hydrogen atom" or "hydrino*); (c) hydrogen molecule having a first 
binding energy greater than about 1 5.3 eV ("increased binding energy hydrogen molecule" or 
30 "dihydrino"); and (d) molecular hydrogen ion having a binding energy greater than about 16.3 
cV ("increased binding energy molecular hydrogen ion" or "dihydrino molecular ion"). 

The compounds of the present invention are capable of exhibiting one or more unique 
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propcrt.es which distinguishes them from the corresponding compound comprising ordinary 
hydrogen, if S uch ordinary hydrogen compound exists. We unique properties include, for 
example, (a) a unique stoichiomeuy; (b) unique chemical structure; {c ) one or more 
extraordinary chemical properties such as conductivity, melting point, boiling point, density 
5 and refractive index; (d) unique reactivity to other element, and compounds; (e) enhanced 
stability at room temperature and above; and/or (f) enhanced stability in air and/or water 
Me<hods for distinguishing the increased binding energy hydrogen.onfaining compounds from 
compounds of ordinary hydrogen include: 1.) elemental analysis, 2.) soiubili.y, 3.) reactivity, 
4.) melting point, 5.) boiling point, 6.) vapor pressure as a function of temperature, 7.) 
10 refractive index, 8.) X-ray photoelectron spectroscopy (XPS). 9.) gas chromatography, 10 ) X- 
ray Effraction (XRD), 1 l.)ea!orimeny, 12.) infrared spectroscopy (IR), , 3 .) JRaman 
spectroscopy, 1 4.) Mossbauer spectroscopy, 1 5.) extreme ultraviolet (EUV) emission and 
absorption spectroscopy, 16.) ultraviolet (UY> emission and absorption spectroscopy, 17.) 
visible emission and absorption spectroscopy, 18.) nuclear magnetic resonai.ee spectroscopy, 
15 19.) gas phase mass spectroscopy of a heated sample (solids probe and direct exposure probe 
quadrapole and magnetic sector mass spectroscopy). 20.) umc^f-flight-secondary-ion-mass- 
specmoscopyfrOFSlMS), 21.) ele.trospray-ioniza.ion-timc-of-niglu-mass-spectroscopy 
(ESITOFMS). 22.) thermogravimetric analysis (TGA), 23.) different dermal analysis 
(DTA), 24.) differentia! scanning calorimeby (DSC), 25.) liquid chromatography/mass 
20 spectroscopy (LCMS), and/or 26.) gas chromatography/mass spcc.roseopy (GCMS). 

According to (he present mvention, a hydrino hydride ion (H) having a binding energy 
according ,o Hq. (58) that is greater than the binding of ordinary hydnde ,on (about 0.8 eV) for 
P = 2 up ,o 23, and less for p = 24 (If) is provided. For p = 2 .o p = 24 of Eq. (58). the 
hydride ion binding energies are respectively 3, 6.6, 1 1.2, 16.7. 22.8, 29.3. 36. 1, 42.8 49 4 
25 55.5. 61.0. 65.6. 69.2. 71.6, 72.4, 71.6. 68.8, 64.0. 56.8, 47.1, 34.7, 19.3, and 0.69 eV. 
Compositions comprising (he novel hydride ion are also provided. 

Novel compounds arc provided comprising one or more hydrino hydride ions and one 
or more other elements. Such a compound is referred to as a hydrino hydri de cornet 
Ordinary hydrogen species are characterized by the following bmding energies (a) 
hydride ion, 0.754 eV ("ordinary hydride ion"); (b) hydrogen atom ("ordinary hydrogen atom"), 
1 3.6 eV; (c) diatomic hydrogen molecule, 1 5.46 cV ("ordinary hydrogen molecule"); (d) 
hydrogen molecular ion, 16.3 cV ("ordinary hydrogen molecular ion"); and (e) //,', 22.6 cV 
("ordinary trihydrogen molecular ion"). Herein, with reference to forms of hydrogen, "norma!" 
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and "ordinary" arc synonymous. 

According to a further preferred embodiment of the invention, a compound is provided 
comprising at least one increased binding energy hydrogen species such as (a) a hydrogen atom 
having a binding energy of about , preferabJy wiMa ± , 0% ^ ±$%> 

where p is an integer, preferably an integer from 2 to 200; (b) a hydride ion (fT) having a 

f ^ 
binding energy of about 1F _EH^Lt 1 . 



" 4 Ji±£k±$y 
i- p J I *L p J J 



preferably within ±10%, more preferably ±5%, where p is an integer, preferably an integer 
from 2 to 200; (c) Hft tp); (<f) a trihydrino molecular ion, /// (l /p), having a binding 
22 6 

energy of about j~ e V preferably within ±10%, more preferably ±5%, where p is an 
\~p) 

10 integer, preferably an integer from 2 to 200; (c) a dihydrino having a binding energy of about 
15.3 

Tjy cV preferably within ±10%, more preferably ±5%, where pis an integer, preferably 
Kp) 

and integer from 2 to 200; (0 a dihydrino molecular ion with a binding energy of about 
16.3 

,^eV preferably within ±10%, more preferably ±5%, where p is an integer, preferably an 
integer from 2 to 200. 

1 5 According to one embodiment of the invention wherein the compound comprises a 

negatively charged increased binding energy hydrogen species, the compound further 
comprises one or more cations, such as a proton, ordinary H* t , or ordinary . 

A mediod is provided for preparing compounds comprising at least one increased 
binding energy hydride ion. Such compounds are hereinafter referred to as "hydrino hydride 
20 compounds". The method comprises reacting atomic hydrogen will, a catalyst having a net 
enthalpy of reacl.on of about £ . 27 eV , where m is an integer greater than 1, preferably an 
integer less than 400, to produce an increased bindmg energy hydrogen atom having a bindmg 
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r . , 13.6 eV , 

energy of about where ^ is an integer, preferably an integer from 2 to 200. A further 

product of the catalysis is energy. The increased binding energy Imogen atom can be reacted 
with an electron source, to produce an increased binding energy hydride ion. The increased 
binding energy hydride ion can be reacted with one or more cations to produce a compound 
5 comprising at least one increased binding energy hydride ion. 



2. Hydrogen Power and Plasma Cell and Reactor 

The invention is also directed to a reactor for producing a increased binding energy 
hydrogen compounds of the invention, such as dihydrino molecules and hydrino hydride 
10 compounds. A further product of the catalysis is plasma, light, and power. Such a reactor is 
hereinafter referred lo as a "hydrogen reactor" or "hydrogen cell". The hydrogen reactor 
comprises a cell for maldng hydrinos. The cell for making hydrinos may take the form of a gas 
cell, a gas discharge cell, a plasma torch cell, or microwave power cell, for example. These 
exemplary cells which are not meant to be exhaustive are disclosed in Mills Prior Publications. 
1 5 Each of these cells comprises: a source of atomic hydrogen; at least one of a solid, molten, 
liquid, or gaseous catalyst for making hydrinos; and a vessel for reacting hydrogen and the 
catalyst for making hydrinos. As used herein and as contemplated by the subject invention, the 
term "hydrogen", unless specified otherwise, includes not only protcum (V/ ), but also 
deuterium ) and tritium (V/). 
20 The reactors described herein as "hydrogen reactors" are capable of producing not only 

hydrinos, but also the other increased binding energy hydrogen species and compounds of the 
present invention. Hence, the designation "hydrogen reactors" should not be understood as 
being limiting with respect to the nature of the increased binding energy hydrogen species or 
compound produced. 

25 According to one aspect of the present invention, novel compounds are formed from 

hydrino hydride ions and cations wherein the cell further comprises an electron source. 
Electrons from the electron source contact the hydrinos and react to form hydrino hydride ions. 
The reactor produces hydride ions having the binding energy of Eq. (58). The cation may be 
from' an added rcductanl, or a cation present in the cell (such as a cation comprising the 

30 catalyst). 

hi an embodiment, a plasma forms in the hydrogen ceil as a result ofthc energy 
released from the catalysis of hydrogen. Water vapor may be added to the plasma to increase 
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the hydrogen concentration as shown by Kikuchi ct al. [J. Kikuchi, M. Suzuki, 11 Yano, and S. 
Fujimura, Proceedings SPIE-The Internarional Society for Optical Engineering, (1993), 1803 
(Advanced Techniques for Integrated Circuit Processing II), pp. 70-76] which is herein 
incorporated by reference. 

3. Catalysts 



3. 1 Atom and Ion Catalysis 

In an embodiment, a catalytic system is provided by the ionization of t electrons from a 
1 0 participating species such as an atom, an ion, a molecule, and an ionic or molecular compound 
to a continuum energy level such that the sum of the ionization energies of the t electrons is 
approximately ,n X 27.2 eV where ,„ is an integer. One such catalytic system involves 
cesium. The first and second ionization energies of cesium arc 3.89390 eV and 23.15745 eV , 
respectively. The double ionization {t =2) reaction of Cr to Cs", then, has a net enthalpy of 
1 5 reaction of 27.05 1 35 cV, which is equivalent to m = 1 in Eq. (2a). 

27.05135 er+CsM + l/^c?' ,2e' ^{^Hip* - „']*I3 .6 eV (60) 

Cs 2 *+2e -4 Cs(w)+ 27.051 35 eV (61) 
And, the overall reaction is 

20 Thermal energies may broaden the enthalpy or reaction. The relationship between kinetic 
energy and temperature is given by 

3 



Eu -"" - 2 kT (63) 



25 



For a temperature of 1200 K, the thermal energy is 0. 16 eV, and the net enthalpy of 
reaction provided by cesium metal is 27.21 eV which is an exact match to the desired energy. 

Hydrogen catalysts capable of providing a net entludpy of reaction of approximately 
m X 27.2 eV where m j s an integer to produce hydrino whereby / electrons are ionized from 
an atom or ion are given infra. A further product of the catalysis is energy and plasma. The 
atoms or ions given in the first column are ionized to provide the net enthalpy of reaction of 
m X 27.2 cY given in the tenth column where m is given in the eleventh column. The 
30 electrons which are ionized are given with the ionization potential (also called ionization 
energy or binding energy). The ionization potential of the n th electron of the atom or ion is 
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designated by n> ^ is given by Lindc ^ ^ ^ ^ 
Physics, 7 8 <h Edition, CRC Press, Boca Rate, F,o rida> (I997)> p . IM|4 „ ^ 
heron mcorporated by reference. That is for example, O + 3.89390 eF-> a* + < T and 
a' + 23.,5745eF-*C» + e-. Tic fim ionization potential, ,/> . 3.89390 andthe 
second ionizationpotential, ff> = 23., 5745,,, are given in the second and « Iu rd eo.umns 
respect.vely. The net enthalpy of reaetion for the doub.e ionization of Cs is 27.05.35 cV 'as 
g.ven in the tenth column, and n, = . in Bq. (2a) as given in the eleventh column. 

TABLE 3. Hydr ogen Ion o r Atom Catalysts 
fCataMPf- !P2 jp5 



yst 



IP6 



IP7 



IP8 



Li 

Be 
Ar 
At 
Af 
K 
Ca 
Tt 
V 



Cr 
Mn 

Fo 
Co 
Co 
Ni 
Ni 
Cu 
Zn 
Zn 
As 
Se 
Kr 
Kr 
Rb 
Rb 
Sr 
Mb 
Mo 
Mo 
Pd 
Sn 
e 
Te 
Cs 
Ce 
Ce 
Pr 
Sm 



S.39172~ 
9.32263 
15.75962 
1575962 
15.75962 
4.34066 
6-11316 
6.8282 
6.7463 
6.76664 
7.43402 
7.9024 
7.9024 
7.881 
7.881 
7.6398 
7.6398 
7.72638 
9.39405 
9.39405 
9.8152 
9.75238 
13.9996 
13.9996 
417713 
4.17713 
5.69484 
6.75885 
7.09243 
7.09243 
8.3369 
7.34381 
9.0096 
9.0096 
3.8939 
5.5387 
5.5387 
5.464 
5.6437 



75.6402 
18.2112 
27.62967 
27.62967 
27.62967 
31.63 
11.8717 
13.5755 
14.66 
16.4857 
15.64 
16.1878 
16.1878 
17.083 
17.083 
18.1688 
18.1688 
20.2924 
17.2644 
17.9644 
18.633 
21.19 
24.3599 
24.3599 
27.285 
27.285 
11.0301 
14.32 
16.16 
16.16 
19.43 
14.6323 
18.6 
18.6 
23.1575 
10.85 
10.85 
10.55 
11.07 



Enthalpy m 



40.74 
40.74 
40.74 
45.806 
50.9131 
27.4917 
29.311 
30.96 
33.668 
30.652 
30.652 
33.5 
33.5 
35.19 
35.19 



59.81 
59.81 

67.27* 
43.267 
46.709 

51.2 

54.8 
51.3 
51.3 
54.9 
5<1.9 



75.02 
75.02 



91.009 124.323 



81.032 3 

27.534 1 

84.12929 3 

218.95929 8 

43439129 16 

61.777 3 



99.3 
65.2817 



79.5 

76.06 

76.06 



39.723 
28.351 
30.8204 
36.95 
36.95 
40 
40 

42.89 
25.04 
27.13 
27.13 



59.4 

50.13 

42.945 

52.5 

52.5 

52.6 

52.6 

57 

38.3 

46.4 

46.4 



82.6 

62.63 

68.3 

64.7 

64.7 

71 

71 

71.6 

50.55 

54.49 

54.49 



108 



108 

127.6 

81.7 

78.5 

78.5 

84.4 

84.4 



134 
155.4 

111 

99.2 
99.2 



174 



68.8276 

68.8276 125.664 



136 



143.6 



30.5026 40.735 72.28 



27.96 



20.198 
20.190 
21.624 
23.4 



3C.758 
35.758 
38.98 
41.4 



65.55 
65.55 
57.53 



77.6 



136.17 

190.46 

f 62.71 

54.212 

107.94 

54.742 

109.54 

109.76 

189.26 

191.96 

299.96 

28.019 

27.358 

625.08 

297.16 

410.11 

271.01 

382.01 

378.66 

514.66 

188.21 

134.97 

220.10 

489.36 

27.767 

165.49 

27.61 

55.57 

27.051 

13889 

216.49 

134.15 

81.514 



5 

7 

6 

2 

4 

2 

4 

4 

7 

7 

11 

1 

1 

23 
11 
15 
10 
14 
14 
19 

7 

5 

8 

18 

1 

6 

1 

2 

1 

5 
8 
5 
3 
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Gd 6.15 






35 




i^.uy 


20.63 


44 




Dy 5.9380 


1 1 .0/ 


22.8 


41.47 




Pb 7.41666 


i*i moo 


J 1 .1/373 






Pi 8.9587 


10.00 J 








He* 


54.4178 








Na+ 




71.6200 


98.31 




Rb* 


27.265 








Fe3+ 






54.8 




Mo2i 




27.13 






Mo4* 






54.49 




In3* 






54 




Aff 


27.62967 








Sr+ 


11.03 


42.89 
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82.67 
81.879 
54.386 
27.522 

54.4 f 8 

217.816 

27.285 

54.8 

27.13 

54.49 

54 

27.62967 
53.92 



3 

3 

2 

1 

2 

8 

1 

2 

t 

2 

2 

1 

2 



In an embodiment, each of the catalysts /?/,* , K* ifC , and ♦ maybe formed from 
the corresponding metal by ionization. The source of ionization may be UV light 0r a plasma. 
At least one of a source of UV li&t and a plasma may be provided by the catalysis of hydrogen 
5 with a one or more hydrogen catalysts given m TABLES 1 and 3. The catalysis may also be 
formed from tbe corresponding metal by reaction with hydrogen to form the corresponding 
alkali hydride or by ionization at a hot filament which may also serve to dissociate molecular 
hydrogen to atomic hydrogen. The hot filament may be a refractory metal such as tungsten or 
molybdenum operated within a high temperature range such as 1000 to 2800 °C. 

A catalyst of the present invention can be an increased binding energy hydrogen 
compound having a net enthalpy of reaction of about £ . 27 eV , where m is an integer greater 
than 1 , preferably an integer less than 400, to produce an increased binding energy hydrogen 
atom having a binding energy of about where;, is an integer, preferably an integer 



IP) 



15 



from 2 to 200. 

In another embodiment of the catalyst of the present invention, hydrinos are formed by 
reacting an ordinary hydrogen atom with a catalyst having a net enthalpy of reaction of about 

\ 112eV (64) 
where m is an integer, ft is believed mat the rate of catalysis is increased as the net enthalpy of 
reaction is more closely matched to = - 27.2 eV . It has been found that catalysts having a net 
20 enthalpy of reaction within ±10%, preferably ±5%. of = . 27.2 eV are suitable for most 
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applications. 

In an embodiment, catalysts are identified by the formation of a rt-plasma at low 
voltage as described in Mills publication R. Mills, J. Dong, Y. Lu, "Observation of Extreme 
Ultraviolet Hydrogen Emission from hicaudescently Heated Hydrogen Gas with Certain 
Catalysts", Int. J. Hydrogen Energy, Vol. 25, (2000), pp. 919-943 which is incorporated by 
reference. In another embodiment, a means of identifying catalysts and monitoring the 
catalytic rate comprises a high resolution visible spectrometer with resolution preferable in the 
range 1 to 0.0 1 A. The identity of a catalysts and the rate of catalysis may be determined by the 
degree of Doppler broadening of the hydrogen Balmer lines. 



10 



3.2 Hydrino Catalysts 

In a process called dispropor donation, lower-energy hydrogen atoms, hydrinos, can act 
as catalysts because each of the metastable excitation, resonance excitation, and ionization 
energy of a hydrino atom is m X 27.2 c V . The transition reaction mechanism of a first hydrino 

i 5 atom affected by a second hydrino atom involves (lie resonant coupling between the atoms of 
m degenerate mulupoles each having 27.21 eV of potential energy [Milts, The Grand Unified 
Theoty of Classical Quantum Mechanics, September 2001 Edition, Chps. 5 and 6, BlackLight 
Power, Inc., Cranbury, New Jersey, Distributed by Amazon.com; R. Mills, P. Ray, "Spectral 
Emission of Fractional Quantum Bnergy Levels of Atomic Hydrogen from a Helium-Hydrogen 

20 Plasma and the implications for Daik Matter", Int. J. Hydrogen Energy, Vol. 27, Mo. 3, pp. 
301-322). The energy transfer of m X 27.2 eV from the first hydrino atom to the second 
hydrino atom causes the central Held of the first atom to increase by m and its electron to drop 

m levels lower from a radius of 2* to a radl - us of JJllL- The sccond „ lteractinjS j ower _ 

p p -f m b 

energy hydrogen is either excited to a metastable state, excited to a resonance state, or ionized 
25 by the resonant energy transfer. The resonant transfer may occur in multiple stages. For 

example, a nonradiative transfer by rnultipolc coupling may occur wherein the central field of 
the first increases by m , then the electron of the first drops m levels lower from a radius of 
y to a radius of with further resonant energy transfer. The energy transferred by 

rnultipolc coupling may occur by a mechanism that is analogous to photon absorption 
30 involving an excitation to a virtual level. Or, tiic energy transferred by mullipole coupling 
dunng (he electron transition of the first hydrino atom may occur by a mechanism that is 
analogous to two photon absorption involving a first excitation to a virtual level and a second 
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excitation to a resonant or continuum level |B. J. Thompson, Handbook of Nonlinear Optics, 
Marcel Dekkcr, inc., New York, (1996), pp. 497-548; Y. R. Shen, Hie Principles of Nonlinear 
Optics, John Wiley & Sons, New York, (1984), pp. 203-210; B. de Beau voir, F. Nez, U Julien, 
B. Cagnac, F. Biraben, D. Touahri, L. Hilico, O. Acer; A. Clairon, and J. J, Zondy, Physical 
5 Review Letters, Vol. 78, No. 3, (1997), pp. 440-443]. The transition energy greater than the 
energy transferred to the second hydrino atom may appear as a photon in a vacuum medium. 

The transition of ^j^j to j induced by a multjpole resonance transfer of 

m ■ 27.21 eV and a transfer of ftp f - (jf -ni )* J X 13.6 eV - m * 27.2 eV with a resonance state 
of lly t " g ^ j excited in j ls represented by 

4^M7^] i * + "' > ' ""'H" ■<"'-"')') x " 6 ' v 

where p 9 p\m , and ni are integers. 

Uydrinos may be ionized during a disproportionation reaction by the resonant energy 

transfer. A hydrino atom with tiie initiai lower-energy state quantum number p and radius ^ JL 

P 

may undergo a transition to the state with lower- energy state quantum number (p + m) and 
1 5 radius ~ - by reaction with a hydrino atom with the initial iowcr-energy state quantum 

number m\ initial radius ^ , and final radius a H that provides a net enthalpy of m X 27.2 eV . 

Thus, reaction of hydrogen -type atom, , with the hydrogen-type atom, , that is 

L P J Irri J 

ionized by die resonant energy transfer to cause a transition reaction is represented by 
m^27.2lrK + //[^] + /|^j-> 

// 4 + e" + /J 4 [(/> + m) 2 - p * - (ni 1 -2 

L(y? + w)J x 7 

20 //* -e" -> //^ j + 13.6 eV (67) 

And, the overall reaction is 



(66) 
)Un 3.6 
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(68) 

"» 2 -m' J }*13.6 eK+13.6 eP 



4. Adjustment of Catalysis Rate 

It is believed that the rate of catalysis is increased as the net enthalpy of reaction is 
5 more closely matched to m • 27.2 eV where m is an integer. An embodiment of the hydrogen 
reactor for producing increased binding energy hydrogen compounds of the invention further 
comprises an electric or magnetic field source. The electric or magnetic field source may be 
adjustable to control the rate of catalysis. Adjustment of the electric or magnetic field provided 
by the electric or magnetic field source may alter the continuum energy level of a catalyst 
10 whereby one or more electrons are ionized to a continuum energy level to provide a net 

enthalpy of reaction of approximately m X21.1 eV . The alteration of the continuum euergy 
may cause the net enthalpy of reaction of the catalyst to more closely match m - 27.2 eV . 
Preferably, the electric field is within the range of 0.01 - 10 6 Vim, more preferably 
0.1 - 10' Vim , and most preferably 1 -10 J Vim. Preferably, the magnetic flux is within the 
15 range of 0.01 -50 r. A magnetic field may have a strong gradient. Preferably, the magnetic 
flux gradient is within the range of 10" 4 - 10' Tern' 1 and more preferably HT 3 - 1 Tcm^ . 

hi an embodiment, the electric field E and magnetic field B are orthogonal to cause an 
EXB electron drift. The EXB drift may be in a direction such that energetic electrons 
produced by hydrogen catalysis dissipate a minimum amount of power due to current flow in 
20 the direction of the applied electric field which may be adjustable to control the rate of 
hydrogen catalysis. 

In an embodiment of the energy cell, a magnetic field confines the electrons to a region 
of the cell such that interactions with the wall are reduced, and the electron energy is increased. 
The field may be a solcnoidal field or a magnetic mirror Geld. The field may be adjustable to 
25 control the rate of hydrogen catalysis. 

In an embodiment, the electric field such as a radio frequency field produces minimal 
current. In another embodiment, a gas which may be inert such as a noble gas is added to the 
reaction mixture to decrease the conductivity of the plasma produced by the energy released 
from the catalysis of hydrogen. The conductivity is adjusted by controlling the pressure of the 
30 gas to achieve an optimal voltage that controls the rate of catalysis of hydrogen In another 
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embodiment a gas such as an inert gas maybe added to (he reaction mixture which increases 
the percentage of atomic hydrogen versus molecular hydrogen. 

For example, (he ceil may comprise a hot filament (hat dissociates molecular hydrogen 
to atomic hydrogen and may further heat a hydrogen dissociator such as tramuion elements and 
5 mner transition elements, iron, platinum, palladium, zirconium, vanadium, nickel, titanium, Sc 
Cr, M„, Co, Cu, Zu, Y, Mb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W, Re, Os, Ir, Au, Hg, Ce Pr 
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Vb, Lu, Th, Pa, U, activated charcoal (carbon) aid ' 
mtercalated Cs carbon (graphite). The filamcn, may further supply an electric field in the cell 
of the reactor. We electric field may alter the continuum energy level of a catalyst whereby 
10 one or more electrons are ionized .o a continuum energy level to provide a net enthalpy of 
reaction of approximately „, X 27.2 eV . In another embodiment, an electnc field is provided 
by electrodes charged by a variable voltage source. The rate of catalyse may be controlled by 
controlling the app.ied voltage which determines the applied field which controls (he catalysis 
ra(c by altering (he continuum energy level. 

In another embodiment of the hydrogen reactor, (he electric or magnetic field source 
ionizes an atom or ion ,o provide a catalyst having a net en(halpy of reaction of approximately 
mXlll eV. For examples, potassium melal is ionized to K* , mbidium metal is ionized to 



15 



R'S , or strontium metal is ionized (o Sr ' to provide the ca(alys(. The cleclric field 



be a hot filamen. whereby (he hot filament may also dissociate molecular hydrogen (o 
20 hydrogen. 



source may 
atomic 



fir an embodiment of the hydrogen power and plasma cell, reactor, and power converter 
comprising an energy cell for (he catalysis of atomic hydrogen to form novel hydrogen species 
25 and compositions of matter comprising new forms of hydrogen of the present invention, the 
catalyst comprises a mixture of a first catalyst and a source of a second catalysl. In an 
embodiment, the first eatalys, produces (he second ca.alys, from (he source of (he second 
catalyst. In an embodiment, the energy released by the ea(alys ts of hydrogen by (he first 
catalyst produces a plasma in (he energy cell. The energy ionizes the source of the second 
30 catalyst to produce the second catalyst. The second eatalys, may be one or more ions produced 
-n the absence of a strong electric field as typically required in (he case of a glow discharge 
The weak electric field may increase the rate of catalysis of the second catalyst such that the 
enmalpy of reaction of (he cata.ys, matches ,n X 27.2 eV ,o cause Imogen ca.alysis m 
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embod.ments of ft. energy col,, the first ca.a.yst is .elected from the group of catalyst ^ in 
TABLES I and 3 such as potassium and strontium, the source of the second cata.yst is selected 
from the group of helium and argon and the second catalyst is selected tro m the group of M 
and Ar> wherein the ca.a.yst ion is generated from the corresponding atom by a plasma 
^bye^ofhydrogenhythefi.tcataiy.t. For exampfe, ,. )thc energy ceU contains 
sunburn and argon wherein hydrogen catalysis by strontium produces a p.asma containing 
Ar wh.cn serve, as a second catalyst (Eq, 05-17)) and 2.) the energy eel, contains potassium 
and helnun wherein hydrogen cata^is by potassium pn)cfuccs a ^ ^ 

scrvesa S as e eo„dcata,y3t(E q ,(12-,4)) In an embodiment, the pressure of the source of the 
10 second catalyst is in Ac range of about , ^ ^ ^ ^ ^ 

pressure is in the range of about 1 miller to about one atmosphere. In a preferred 
embodiment, .he total pressure is in ,he range of about 0.5 torr to about 2 ton In an 
embodiment, the ratio of the pressure of the source of the second cataly* fo the hydrogen 
pressure is greater than one. In a preferred embodiment, hydrogen is abou, 0. . % to about 99% 
.5 and the source of the second ca.alys. comprises the balance of the gas present in the ccll . MorJ 
preferably, .he hydrogen is in fte range of abou, ,% t0 about 5'/, and the sourceof the second 
catalyst is in the range of about 95% to about 99%. Most preferably, .he hydrogen is abou. 5% 
and the source of .he second cata.ys, is about 95%. These pressure ranges are tentative 

2U provide a desired result. 

in an embodimcn. of the power ccll and power converter the cata.yst comprises a, least 
one selected from.he group of ft-, //e'.and Ar> wherein the ionized catalyst ioii is 
gene ra .ed fron, the corresponding atom by a plasma create* by methods such as a glow 
d - h ^^c ( ive,y^ 

such as a d.scharge cell or hydrogen plasma torch reac.orhas a region of low electric f.e.d 
strength such tha, the enthalpy of reaction of the catalyst matches „ X 27.2 eV to cause 
hydrogen catalysis. In one embodiment, the reactor is a discharge eel, having a hollow anode 
as described by Kuraica and Konjevic fKura.ua, M., Konjevic. N, Physical Review A. Volume 
4 No. 7, October ( 1 992). pp. 4429-4432,. In another embodiment, the reactor is a discharge 
ce„ hav. ng a hol.ow cathode such as a central wire or rod anode and a concentric hollow 
caftodesuchasasuin^ 

cell whe.e.„ the cafalys, is f 0nncd by a microwavc plmna 

In an embodimcn. of the p.as.na cell wherein the catalyst is a cat.ou such as a, leas, one 
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selected from the group of He* and Ar* an increased binding energy hydrogen compound, 
iron hydrino hydride, is formed as hydrino atoms react with iron present in the cell. The source 
of iron may be from a stainless steel cell. In another embodiment, an additional catalyst such 
as strontium, cesium, or potassium is present. 

5 

6. Pla sma and Light Source from Hydrops Catalyse 

Typically the emission of vacuum uitraviolet light from hydrogen gas is achieved using 
oUscharges at high voltage, synchrotron devices, high power inductively coupled plasma 
generators, or a plasma is created and heated to extreme temperatures by RF coupling (e.g. 
10 >\0 6 K) with confinement provided by a toroidal magnetic field. Observation of intense 
extreme ultraviolet (EUV) emission at low temperatures (e.g. * 10> K) from atomic hydrogen 
generated at a tungsten filament that heated a titanium dissociator and certain gaseous atom or 
- ion catalysts of (he present invention vaporized by filament heating has been reported 

previously [R. Mills, J. Dong, Y. Lu, "Observation of Extreme Ultraviolet Hydrogen Emission 
1 5 from Incandescently Heated Hydrogen Gas with Certain Catalysts", Int. J. Hydrogen Energy, 
Vol. 25, (2000), pp. 919-943]. Potassium, cesium, and strontium atoms and Rl>* ionize at 
integer multiples of the potential energy of atomic hydrogen formed the low temperature, 
extremely low voltage plasma called a resonance transfer or it-plasma having strong EUV 
emission. Similarly, the ionization energy of Ar is 27.63 eV \ and (he emission intensity of 
20 the plasma generated by atomic strontium increased significantly with the introduction of argon , 
gas only when Ar' emission was observed [R Mills, "Spectroscopic Identification of a Novel 
Catalytic Reaction of Atomic Hydrogen and the Hydride fon Product", fat. J. Hydrogen Energy, 
Vol.26/No. 10, (2001), pp. 1041-1058). In contrast, the chemically similar atoms, sodium, 
magnesium and barium, do not ionize at integer multiples of the potential energy of atomic 
25 hydrogen did not form a plasma and caused no emission. 

For further characterization, the width of the 656.3 nm Balmcr a line emitted from 
microwave and glow discharge plasmas of hydrogen alone, strontium or magnesium with 
hydrogen, or helium, neon, argon, or xenon with 10% hydrogen was recorded with a high 
resolution visible spectrometer [R. L. Mills, P. Ray, B. Dhandapani, J. He, "Comparison of 
30 Excessive Bahner a Line Broadening of Glow Discharge and Microwave Hydrogen Plasmas 
with Certain Catalysts", J. of Applied Physics, January, l, (2003)]. It was found that the 
strontiiun-hydrogen microwave plasma showed a broadening similar to that observed in the 
glow discharge cell of 27 - 33 cV\ whereas, in both sources, no broadening was observed for 
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magnesium-hydrogen. With noble-gas hydrogen mixtures, tlie trend of broadening with the 
particular noble gas was the same for both sources, but the magnitude of broadening was 
dramatically different. The microwave helium-hydrogen and argon-hydrogen plasmas showed 
extraordinary broadening corresponding to an average hydrogen atom temperature of 
5 110- 130 eV and 180-210 eV , respectively. The corresponding results from the glow 
discharge plasmas were 30 - 35 eV and 33-38 eV respectively. Whereas, plasmas of pure 
hydrogen, neon-hydrogen, krypton-hydrogen, and xenon-hydrogen maintained in either source 
showed no excessive broadening corresponding to an average hydrogen atom temperature of 
» 3 eV . In the case of the helium -hydrogen mixture and argon-hydrogen mixture microwave 
10 plasmas, the electron temperature T e was measured from the ratio of the intensity of the He 
501. 6 nm line to that of the He 492.2 line and the ratio of the intensity of the Ar 104.8 nm 
line to that of the Ar 420.06 nm line, respectively. Similarly, the average electron temperature 
for helium-bydrogcn and argon-hydrogen plasmas were high, 28,000 K and 11, 600 K, 
respectively;, whereas, the corresponding temperatures of helium and argon alone were only 
15 6800 IC and 4800 K, respectively. Stark broadening or acceleration of charged species due to 
high fields (e. g. over 10 kVfcm ) can not be invoked to explain the microwave results since no 
high field was observalionaliy present. Rather, the results may be explained by a resonant 
energy transfer between atomic hydrogen and atomic strontium, Ar * , or He* which ionize at 
an integer multiple of the potential energy of atomic hydrogen. 
20 A preferred embodiment of the power cell produces a plasma and may also comprise a 

light source of at least one of extreme ultraviolet, ultraviolet, visible, infrared, microwave, or 
radio wave radiation. 

A light source of the present invention comprises a cell of the present invention that 
comprises a light propagation structure or window for a desired radiation of a desired 
25 wavelength or desired wavelength range. For example, a quartz wiiuiow may be used to 

transmit ultraviolet, visible, infrared, microwave, and/or radio wave light from the cell since it 
is transparent to the corresponding wavelength range. Similarly, a glass window may be used 
to transmit visible, infrared, microwave, and/or radio wave light from the cell, and a ceramic 
window may be used to transmit infrared, microwave, and/or radio wave light from the ceil. 
30 The cell wall may comprise the light propagation structure or window. The cell wall or 

window may be coated with a phosphor dial converts one or more short wavelengths to desired 
longer wavelengths. l ; or example, ultraviolet or extreme ultraviolet may be converted to 
visible light The light source may provide short wavelength light directly, and the short 
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wavelength line emission may be used for applications known in the art such as 
photolithography. 

A light source of the present invention such as a visible light source may comprise a 
transparent cell wall (hat may be insulated such that an elevated temperature may be 
5 maintained in the cell. In an embodiment the wall may be a double wall with a separating 
vacuumspace. The dissociator may be a filament such as a tungsten filament. The filament 
may also heat the catalyst to form a gaseous catalyst. A first calalyst may be at least one 
selected from the group of potassium, rubidium, cesium, and strontium metal. A second 
catalyst may be generated by a first. In an embodiment, at least one of helium, neon, and argon 
10 is ionized to He . Ne' , and Ar*. . respectively, by the plasma fomied by the catalysis of 
hydrogen by a fust catalysts such as strontium. He' , Ne* , and/or AS serve as second 
hydrogen catalysts. Hie hydrogen may be supplied by a hydride that decomposes over time to 
maintain a desired pressure which may be determined by the temperature of the cell. The cell 
temperature may be controlled with a heater and a healer controller. In an embodiment, the 
15 temperature may be determined by the power supplied to the filament by a power controller. 

A further embodiment of the present invention of a light source comprises a tunable 
light source that may provide coherent or laser light. Extreme ultraviolet (EUV) spectroscopy 
was recorded on microwave discharges of argon or helium with 10% hydrogen. Novel extreme 
ultraviolet (EUV) vibrational-series emission lines with energies that empirically matched 
20 >W - 4 E OH . ±v *2 l £ , „ ft ^ (u _ 0 . <u _ 1) , u* = 0,1,2,3... wereobserved from the helium- 
hydrogen plasma at the longer wavelengths for u*= 0 to o* = 20 and at the shorter 
wavelengths for u* = 0 to o*= 3 where /?„„. and E^^- are the experimental bond 
and vibrational energies of li; , respectively [R. Mills, P. Ray, "Vibrational Spectral Emission 
of Fractional-Principal -Quantum-Energy-Level Hydrogen Molecular Ion", Int. J. Hydrogen 
25 Energy. Vol. 27, No. 5, (2002), pp. 533-564; R. Mills. J. lie, A. Echezuria, B Dhandapani, P. 
Ray. "Comparison of Catalysts and Plasma Sources of Vibrational Spectral Emission of 
Fractional-Rydberg-State Hydrogen Molecular Ion". Vibrational Spectroscopy, submitted]. 
These fines having energies of u 1 . 18 cV u = integer may be a source of tunable laser light. 
The tunable light source of the present invention comprises at least one of the gas, gas 
30 discharge, plasma torch, or microwave plasma cell wherein the cell may comprise a laser 
cavity. A source of (unable laser fight may be provided by the fight emitted from a dihydrino 
molecular ion using systems and means which ar e known in (lie art as described in Laser 
Handbook, Edited by M. L. Stitch, North-Holland Publishing Company. (1979). 
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The hght source of .he present invention may comprise at leas, one of (he gas gas 
discharge, plasma torch, or microwave plasma cell wherein ions or excimers are effectively 
formed mat serve as catalysts fromasource of catalyst such as He', J/e t *. Afc, *, We* 
Ne> ,H> or Ar> catalysts from helium, helium, neon, neon-hydrogen mixture, and argon 
5 gases, respectively. The Hght may be largely monochromatic light such as line emission of the 
Lyman series such as Lyman a or Lyman p . 

A mixture of helium and neon is the basis of a He-Ne laser. Bom of these atoms are 
also a source of catalyst. In an embodiment of the plasma power cell such as the microwave 
cell, the source of catalyst comprises a mixture of helium and neon with hydrogen. Population 
of hehum-neon lasing stale (20.66 eV metastable state to an excited 1 8.70 eV state with the 
laser ermssion at 632. 8 mn) is pumped by the catalysis of atomic hydrogen. Example 
nucrowavc and discharge cel. which use at least one of neon or helium as a source of cata lys t 
are given in Mills Publications [R. L Mills, P. Ray, ,. Dong, M. Nanstcl, B. Dhandapaoi J 
He, "V.branonal Spectral Omission of Fractional-Pnncipal-Quan.um-Energy-Levc, Atoniic amj 
1 5 Molecular Hydrogen", Vibrational Spectroscopy, submitted, R. Milts, P Ray "Spectral 

Emission of Fractiona, Quantum Energy Lovels of Atomic Hydrogen from a Helium- Hydrogen 
Plasma and the Implications for Dark Matter". Int. J. Hydrogen Energy. Vol. 27. No. 3, PP . 
301 -322] winch arc incorporated herein by reference in their entirely. 

.o to* and 2AT* to K+ each provide a reaction with a „e, enthalpy eoua. to 
•he potential energy of atomic hydrogen. The presence of these gaseous ions with thennally 
d.ssocu**, hydrogen formcl a plasma having strong VUV emission will, a stationary inverted 
Lyman population. We propose an energetic catalytic reaction involving a resonance energy 
^ferbetweenhydrogenatomsand M or2JT to form a very stable novel hydride ion Its 
predated bmdmg energy of 3.0468 eV with the fine structure was observed a, 407 1 A and its 
25 pred.c.ed bound-free hyperfine structure lines E H , =/ 3 .00213 jri©* + 3.0563 cV (j is an 
integer) matched those observed for J = , to J = 37 to within a 1 part per ,0 s . This catalytic 
reactmn may pump a cw HI laser. The enabling description is given in Mills publications [R 
Mdls. P. Ray. R. Mayo, "CW HI User Based on a Stationary Inverted Lyman Population 
Formed from Incandescently Heated Hydrogen Gas with Certain Group . Catalyst 1BEE 
30 Transactions on Plasma Science, in press, which ^ hercin jnwJrporated by ^ ^ ^ 
entirety. 

As given in R.L.Mills, P. R ay . R. M. Mayo, "CW HI User Based on a S.ationary 
Inverted Lyman Population Formed from Incandescent* Heated Hydrogen Gas with Certain 
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Group I Catalysts", IEEE Transactions on Plasma Science, in press: Then the inverted 
population is explained by a resonant energy transfer between hydrogen and potassium or 
rubidium catalysts to yield fast H{n = l) atoms. The emission of excited state H from fast 
H(>i = 1) atoms excited by collisions with the background has been discussed by 
5 Radovanov et al [S. B. Radovanov, IC Dzierzega, J. R. Roberts, J. K. OlthofT, 'Time-resolved 
Balmer-alpha emission from fast hydrogen atoms in low pressure, radio-frequency discharges 
in hydrogen", AppL Phys. Lett, Vol. 66, No. 20, (1995), pp. 2637-2639]. Collisions with 
oxygen may also play a role in the inversion since inverted hydrogen populations are observed 
in the case of alkali nitrates and water vapor plasmas [R. Mills, P. Ray, R. M Mayo, 
10 "Stationary Inverted Balmer and Lyrnan Populations for a CW HI Water-Plasma Laser", IEEE 
Transactions on Plasma Science, submitted]. Formation of //* is also predicted which is far 
from thermal equilibrium in terras of the hydrogen atom temperature. AJcatsuka et al. (H. 
Akatsuka, M. Suzuki, "Stationary population inversion of hydrogen in arc-heated magnetically 
trapped expanding hydrogen-helium plasma jet", Phys. Rev. E, Vol. 49, (1994), pp. 1534- 
15 1544] show that it is characteristic of cold recombiaing plasmas to have the high lying levels in 
local thermodynamic equilibrium (LTE); whereas, population inversion is obtained when T e 
suddenly decreases concomitant with rapid decay of the lower lying states. 

As a consequence of the nonradiativc energy transfer of m - 27.2 eV to Hie catalyst, the 
hydrogen atom becomes unstable and emits further energy until it achieves a lower-energy 
20 nonradiativc slate having a principal energy level given by Eq. (l). Thus, these intermediate 
states also correspond to an inverted population, and the emission from these states with 
energies of q . 13 6 eV where q - 1,2,3,4,6,7,8,9,1 1,12 shown in Refs. 14 and (9 may be the 
basis of a laser in the EUV and soft X-ray, since the excitation of the corresponding relaxed 
Rydberg state atoms + m)) requires the participation of a nonradiative process [H. 

25 Conrads, R. Mills, Th. Wrubel, "Emission in the Deep Vacuum Ultraviolet from a Plasma 
Formed by Incandescently Heating Hydrogen Gas with Trace Amounts of Potassium 
Carbonate", Plasma Sources Science and Technology, submitted]. 

7. Ene r gy Reacto r 

30 An energy reactor 50, in accordance with the invention, is shown in FIGURE 1 and 

comprises a vessel 52 which contains an energy reaction mixture 54, & heat exchanger 60, and 
a power converter such as a steam generator 62 and turbine 70. The heat exchanger 60 absorbs 
heat released by the catalysis reaction, when the reaction mixture, comprised of hydrogen and a 
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catalyst reacts to form lower-energy hydrogen. The heat exchanger exchanges heat with the 
steam generator 62 which absorbs heat from the exchanger 60 and produces steam. TT* energy 
reactor 50 further comprises a turhine 70 which receives steam from the steam generator 62 
and supphes mechanical power to a power generator 80 which converts the steam energy into 
5 dectneal energy, which can be received by a ioad 90 to produce work or for dissipation. 

n* energy reaction mixture 54 comprises an energy releasing material 56 including a 
source of hydrogen isotope atoms or a source of molecular hydrogen isotope, and a source of 
catalyst 58 which resonantly remove approximately ^7.2! eV to form lower-energy atomic 
hydrogen and approbate* M6 eV to form lower _ energy ^ ^ 

10 is an integer wherein thereaction to lowerenergysta.es of hydrogen occurs by contact of the 
hydrogen with theeatalyst. For example, fie' fulfills the catalyst criterion-a chemical or 
Phys.ca! process with an enthalpy change equal to an integer multiple of 27.2 eV since i, 
.on.es at 54.417 eV which is 2 - 27.2 eK The catalysis releases energy in a form such as hea, 
and lower-energy hydrogen isotope atoms and/or molecules. 
1 5 The source of hydrogen can be hydrogen gas, dissociation of water includm- thennal 

dissociation, electrolysis of water, hydrogen from hydrides, or hydrogen from metal-hydrogen 
solut.ons. In all embodiments, the source of catalysts can be one or more of an 
electrochemical, chemical, photochemical, thermal, free radical, sonic, or nuclear reactions) or 
melashc photon or particle scattering reactions), fo the latter two cases, the present invention 
20 of an energy reactor comprises a particle source 75b and/or photon source 75a to supply the 
catalyst. In these cases, the net enthalpy of reaction supphed corresponds to a resonant 
colhsmn by the photon or particle. In a preferred embodiment of the energy reactor shown in 
FIGURE I, atomic hydrogen is fonned from moleculax hydrogen by a photon source 75a such 
as a microwave source or a UV source. 
25 The photon source may also produce photons of at least one energy of approximately 

nXll.ncV, ^27.21 eV, or 40.8 eV causes the hydrogen atoms undergo a transition to a 
lower energy state, m another preferred embodiment, a photon source 75a producmg photons 
of a, leas, one energy of approximately ^48.6 eV , 95.7 eV. or mXi 1. 94 cV causes the 
hydrogen mofecu.es to undergo a transition to a lower energy state. In all reaction mixtures a 
30 selected externa, energy device 75, such as an electrodemay be used to supply w clecfrostaric 
potent,! or a current (magnetic field) to decrease the activation energy of the reaction. In 
another embodiment, the mixture 54, further comprises a surface or m^erial to dissociate 
and/or absorb atoms and/or mo.ecu.es of the energy releasing materia. 56. Such surface or 
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matenals to dissociate and/or absorb hydrogen, deuterium, or tritium comprise an element 
compound, alloy, or mixture of transition elements and inner transition elements, iron, 
pialumm, palladium, zircomurn, vanadium, nickel, titanium, Sc, Cr, Mn. Co, Cu Za Y Nb 
Mo, To, Ru, Rh, Ag, Cd, La, Hf, Ta, W, Re, Os, Ir, An, Hg. Ce, Pr, Nd, P m , Sm, Eu, Gd, 11,', 
5 Dy, Ho, Er, Tm, Vb, Lu, Th, Pa, U, activated charcoal (carbon), and intercalated Cs carbon 
(graphite). 

In an embodiment, acatalysl is provided by the ionization of t electrons from an atom 
or ion to a continuum energy level such that the sum of the ionization energies of the t 
electrons is approximately . * 27.2 eV where , and ln are each an integer. A catalyst may 
10 asobeprovidttJbymetransferofte^ The transfer of; 

electrons from one ion to another ion provides a net enthalpy of reaction whereby the sum of 
the ionization energy of the electron donating ion minus the ionization energy of the electron 
accepting ion equals approximately m -27.2 eV where t and m are each an integer. 

In a preferred embodiment, a source of hydrogen atom catalyst comprises a catalytic 
15 material 58, that typically provmc a net enthalpy of approximately mX 21.2l eV plus or minus 
I eV. In a preferred embodiment, a source of hydrogen molecule catalysts comprises a 
catalytic matcnal 58. (hat typically provide a net enthalpy of reaction of approximately 
mXAK6eV plus or minus 5 eV . The catalysts include those given in TABLES 1 and3and 
the atoms, ions, molecules, and hydrinos desenbed in Mills Prior Publications which are 
20 incoiporated herein by reference. 

A further embodiment is the vessel 52 containing a catalysts in the molten, liquid, 
gaseous, or solid state and a source of hydrogen including hydrides and gaseous hydrogen. In 
•he case of a reactor for catalysis of hydrogen atoms, the embodiment further comprises a 
means to Associate the molecular hydrogen into alomrc hydrogen including an clement 
25 compound, alloy, or mixture of transition elements, inner transition elements, iron, platinum 
palladium, zirconium, vanadium, nickel, titanium, Sc, Cr, Mn, Co, Cu, Z„, Y, Nb, Mo Tc Ru 
Rh, Ag, Cd, La, Hf. Ta, W, Re, Os, f, Au. Hg, Ce, Pr, Nd, Pm, Sm> Eu> Gd> ^ Dy , Ho> Vj> ' 
Tm, Vb, Lu. Th, Pa, U. activated charcoal (carbon), and intercalated Cs carbon (graphite) or 
electromagnetic radiation including UV light provided by photon source 75. Alternatively, the 
30 hydrogen is dissociated in a plasma. 

The present invention of an electrolytic cell energy reactor, plasma electrolysis reactor 
bamer electrode reactor, RF plasma reactor, pressurized gas energy reactor, gas discharge 
energy reactor, microwave cell energy reactor, and a combination of a glow discharge cel. and 
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a microwave and or RF plasma reactor of the present invention comprises: a source of 
hydrogen; one of a solid, molten, liquid, and gaseous source of catalyst; a vessel containing 
hydrogen and the catalyst wherein the reaction to form tower-energy hydrogen occurs by 
contact of the hydrogen with the catalyst; and a means for removing the lower-energy hydrogen 
product. The present energy invention is further described in Mills Prior Publications which 
are* incorporated herein by reference. 

In a preferred embodiment, the catalysis of hydrogen produces a plasma. The plasma 
may also be at least partially maintained by a microwave generator wherein die microwaves are 
tuned by a tunable microwave cavity, carried by a waveguide, and are delivered to the reaction 
chamber though an RF transparent window or antenna. The microwave frequency may be 
selected to efficiently form atomic hydrogen from molecular hydrogen, ft may also effectively 
form ions or excimers that serve as catalysts from a source of catalyst such as He , He 2 *, 
Ne^ * , Ne* I H* or At* catalysts from helium, helium, neon, neon-hydrogen mixture, and 
argon gases, respectively. , In an embodiment, the cell provides a catalyst for a source of 
catalyst such as He , Ar\ and Ne* from helium, argon, and neon gas, respectively. In 
embodiments, cell types may be combined for based on specific functions. For example, a 
glow discharge cell which is very effective at producing catalyst for a source of catalyst such as 
He , Ar , and A'e* from helium, argon, and neon gas, respectively, maybe combined with a 
reactor such as a microwave reactor that is well suited for the production of atomic hydrogen to 
react with the catalyst. 

S.Jjydrogcn Microwave Plasma and Power Cell and Reactor 

A hydrogen microwave plasma and power cell and reactor of the present invention for the 
catalysis of atomic hydrogen to form increased-binding-energy-hydrogen species and 
incrcased-binding-cnergy-hydrogen compounds comprises a vessel having a chamber capable 
of containing a vacuum or pressures greater than atmospheric, a source of atomic hydrogen, a 
source of microwave power to form a plasma, and a catalyst capable of providing a net 
enmalpy of reaction of mil 212 ± 0.5 eV where m is an integer, preferably m is an integer 
less than 400. The source of microwave power may comprise a microwave generator, a 
tunable microwave cavity, waveguide, and an antenna. Alternatively, the cell may further 
comprise a means to at least partially convert the power for the caiaiysis of atomic hydrogen to 
microwaves to maintain the plasma. 



